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(57) 

»«tt©i/U 3>I$7-IIS1 o o 
fc. Nam«#5XMii*2 0 0 t3Ji, Hfll 

MiOOtt, t h U *x4Kfe:EI8$nfc«/h5 7- l 

02t, amn* 7- 1 o 2 fcx^fiajK-catt-rs s--> 

3 >A- 1 0 4 f>-^3 >/\*— 10 4 0>ffi3g7FS& 
$nf;mi0 6^tt^. ^7X11IM2 0 
Ott, ^^fS^(7)lHI^ 2 0 2 -£GDJlfflcD3i*.±tfg& 
2 0 4 i, D3S&2 0 2 rtfc:Tg6tB"r£3SS« 2l0t, 
CDS 2 0 2rtfCJ0j6£SnT«M>5 7 - * Ag#i8»J £ #5 
11214, 2 1 6ROTi2 1 8, 2 2 0 ^lt§, 

a >A- 1 0 4 1 0 6 ttSJr^± 

W2 0 4 i^^^n, h-J/g >A- 1 0 4<o*ra« 
«5ftgB2 10i:^^Jn§. h-'>3>A-104© 

i^St*, ^< s/>y»K:**«i o 6*^«oi$n 

-5. 




( 

I 

(b) *&m&<Dw®t. 

WED3&rtT&oT&*c7)WE$M^ 7-tMt5ft 

WE-Tj-ftTSS^? 20<Z)WE&/h5. ?-ffii:ttfo-?Z> 
&gtCTWElHJg&<J; D^m^f&Snfc^ftg&t, 

(c) 4>/5:< £ feWE^'J n >£U ^-^<Z>WE h- 

3/ a >A-©*r.n«£WE««a;«<DWE£tt«£s# 

WE (a) lilt, 

WEfg 2 077^Sffl^T, l9EH-y©^X«/^>y 

■rsxnt, 

w e f - -f m <d m ib wl * ^ ^ - (7) ft © tc w i a r it m & m 

WE (a) IIH SIIEh-yaW^oM^UgS 

n, BtrE«/h5 5-*«Ea$n*«*&H^#«ff^, 

WE (c) X*§te, WE->U 3>«5 7-H«<oWE# 
««R^WEh-->a >A-opJSI«t, i£fiS% 
<z>WE£t=.±tf Sli^^f^Ii^^^, WE (c) 
xnv'&tZ. WE h-xa >A-<7?^aSgg«r, we->u 
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WE (a) lift, 

silt, 

WE'>U >3*«<D — Bfc*J&/*/f!©ill 1©7X^, 
^O-@^WE^I^c0^/h^ 7-, WEh-^a>A*- 

10 -CWE^'J 3 >S«Siy?>miii, 

WEJgl, I2(D7X^iib, WEH-y»CJ;0 

lit. 

WEK-^JiOWEf»/h^ ^-<B*®K:WE£!fS£^ 

j^-r^x^t, 

#&<hT*7fe£sii&BcBRii;frSfe. - 

/h3 ^-&«A;fc3fc£H£B©»E#8:fc:*5^T, 
(a) *5fe««<0Gg«<!:, 

\zxm&w®niz&mm&ztiiz3i&m£. 
30 (b) H-ffiic^uBwa* H-y^nrc H-^®^^^$n 

tiM^i^^tKflS K-:/»<!:***B«*-l*T» 

^-r^xfit* 

(c) WEH-^SSrSIUTWE^U 3>*«*Xty^ 

(d) we F-^mommizKKmzMf&Tzxmii* 

(e) WE F-r/Jl&tfRStli^X^^LT. 
WE«a#t^ft-r4&*K:1J[*0WE*/h5 

40 WE«/h5 5-£WE-;*iRiK:T*«U ^-^f^itt 

m&o 2^^iEW^7-f a iti!S5Mt^§$ 

n, fro, *(Dffi»#WEifc^±#0«XttXft«£:» 

WE K-yiS^lti^^y'Jn>S5 7-SS^i 
*£-r<5X*l£, 

ft * c t * # » <t -r & ftgn sb co nrnjim. 

WE (e) lilt WE h—>3 >n-<Dm>$frm&Z 
tl. WEB'hS 7-a*ffiB<**l3«tt£BtM£BK:TW 
50 EaL^±*f«t»^$tlfc»««*; «IE'>U3>fiS 



T 



( 

3 

Mr is (e) xm<d'&\z. ttfia >3 >n—<DmM% 

tire F I x l o" a t m/cm 3 
[»*«8 ] lit A3! 5X14 6 KSHT. 

»E«a*«tt3ta3Stt**-r*^f7x»*«*«K:r 

WE^f7X«««*««^6taE«ffi»©^^->«)tt 

a*«8flb, f^/^-fii^sffax, me (e) 

1*1 CD X y ^ > #<D tz. tf> <D "7 X ^ /t * — > ^^tir^Sgt" 

im&m9i ffi&m i nms o^-ftifriz&^T > 

WE£ t> ± tfSKR t/3£ftg& t *t J6f s &a £ v x * b 

-c. 3f««8«owrEGfl«*^^-r*xst. 

Wi:, **SAa***a»§rt*£iTE# 7 X »««*«« 

sjssaogit*?*. 

cmae i 2 ] 1 7bm i i (D^rn^fc*^ 

sa^sas;***. 

[M#*l 3] ffi^ll 2(C^^T, 
im&m 1 4 3 MA 91 1 2 tCfc^T, 



3 ) ^if 9 - 1 5 9 9 3 7 

4 

im&mi 5] MA^l 2tC:fcV>T, 
lffiE««*«©MEIHI«<0J6ffi«fcO. f&E55:^± 
tfj»EStt«<^^ffiJ:i3{S^K*-e38llS»fiK$n, 
B»BCiJEt'h5 7-tSttlT«*ft**«t5» 

K t "f * * X II £ B <0 St it * o 
[M*^ 1 6 ] M*^ 1 1 5 <D^-ftlfrlZ&\,* 

WE'>U3>«57-*«^ai^» ra&ig»j£n 

10 5f&E«/h£ ^-t^bfc^ftafCT, HtrE'>'J3> 

n, 

^^nfci»ot/h5 7-t» 

itrE-^f^lTP^^ 2 o©lTE«/h5 

£3Tb* 

30 4>&< £ fcmriSS/ U =3 >U ^ 9 — ^&<£> ItffB h-va> 
A* - <D * m g& £ mT E m « £ ft O ffi 12 * ft <h ifi M ® b 

im&m i 8 ] m&m 1 7 fc^^x, 

»E#5XMM*tllE'>U 3 >»5 7-SS<!:35i 

[R«« 1 9 ] m&m 17X1118 tC*5^T, 
40 WEttt/hS ^ — ±tC^J5K$nfcS«tJS(Z>±«®*^ Alt 

ft «hHbv^jK«tA^r \toyt&K#2itz>¥-m>m\zx& 

Clt^Jl2 0] M*3ll 7 7bSl 9©^ftl^»C*^ 

»E«***«a^fif:'CM$nt^5Cd:S»ii: 

IffilUm 2 1 ] MA3® 1 77!>I2 0Ol>WC*H 
T » 

S9E«/h5 7-a*ttE*«#£#|pJ-r*ffiMfc. ^fe^^ 



( 

5 

8& 12 & /h ^ 7 - tc J& fi£ $ ft m 15 & ft K £ M A T * mf E 
[H^^2 3] if #^2 2 IC*V*T, 

im#l%2 4] St££2 1 JC*HT. 

[»#3I2 5] If #31 2 1 KS^T, 

5£-T5&ftteX h y/^-4S6i:*rsct*ft«tt 
[If #3! 2 6 ] 1 77!iI2 5 ©^rft*>fc*5H 

r , 

»s 7-*«±jca^*/t-s«^j»^$ftT^s a 

im#m2 7] 7 7512 6 CD ft*> KfS« 

(D x& mm m z m? % c t z » m t r % 

[0 0 0 1 ] 
[0 0 0 23 

»l!¥4 - 2 3 0 7 2 2 l 5-18 83 
08. 5 - 1 9 6 8 8 0 & £ S ftT^S. SAc, 

3 H^lfC, DMD (Digi tal Micromi r 
rorDevice) iltl^^ntl^, 
[00033 C<Z)DMDte, 022 lC^T£?C, _t/i 
8 0 0, *ra»8 1 0 RtfT*8 3 OifrSfc* 

[ 0 0 0 4] 11 8 0 0 ft $ 7-8 0 2 t, ^-OD^'k 
S&T®lCg£§ $ ftfc * 7-&ft#7> h 8 0 4 
0 2 0>®lii;/n-fex±, S 
X h 8 0 4 £#fat-5ftMK:te[H]g& 8 0 6 #JB/£Sft 

[ 0 0 0 5 1 4>raB 8 1 0 fcfc, 5 h 8 0 4 

tI^$ni)^7-WS8 1 2#. M(Ot>y8 1 

14(t f©TIf:t>v«H#x h8 1 6*tlt^ 
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[0 0 0 6] CO^fBli 8 1 0 fCtt, t>^8 
1 4&&h1£mmtZ&l . I207HUXii8l8, 

8 2 0 SWI, fn^ts^j##xh 8 2 6 t:^^^n 
TViS. $ b tfo^ic, 11©^ 8 2 

2tl20^7-g»fg8 2 4 t^tl, ^n^nm 

h 8 2 6 fc£#<*ftTH*. 
[ 0 0 0 7 ] T/f 8 3 0lt mi , I2©7H l/Xfi 
818, 8 2 0 ©Mfi»#^ h 8 2 6 *«i«$n<5 4 
10 O0fl8 3 2 a-8 3 2 di, SB 1 , 12W^tttl 
8 2 2 , 8 2 4««li^n5ftIM8 3 4 llflT^ 
£. 

[ 0 0 0 8 3 :0DMDH, 123 \Z^t^ O \Z, *y 
-8 0 2^^1, i20^7-iftl!fS8 2 2 ( 8 2 
4tC, A-fTXmJEV a^^Jtra$ft^ 0 iE-IT, 
^107H1/7118 1 8f:7>rtXi£^Wt, Sg 

207FI/7M82 o {zy^xm&^mm-r^ zt 

T, ^ 7- 8 0 2 <hfg 1 CDT K l/Xtl 8 1 8 <Dm\Z# 
-n>27#flsj8U 5 9-8 0 2 SH2 3<O-««(Z) 
20 ^iCMiit^Ci^tf^. SSI. II207HI/ 
X1I8 1 8, 8 2 0fcffJta£ft6*EE<D«tt*i£f6"r 

SCit, 0 2 3 0) 2 &mmz7?:**&? izm&mmzM: 

[0009] tit, m2 3<D~&mmiz7ik-?$7-8 
o 2<DM&#im<D£giz. yttfmfe&mizfaiiTKMz 
nsoNgit^ti, 2 &m&izm-r mmttmo t g iz 

tt. W3eflclli;Ha^*^rSiK:3K^K»$ftfcOF Ftt 
li:$tl§. fit, -£<Z>SJ««IB££{t<*-&S C £ 
tf, 2 5 6 BM^Ht&-3r(r^. 
30 [ 0 0 1 0 3 ^2 2CitDMDit 0 2 4ROT2 5 

t z ^ -r « it y d ir x K % o r S it t? € * t ^ ft $ . 

0 2 4te, ^3?>J£j5£3ft£:TJf 8 3 0 ±JC + H»8 1 0 

^Mt^ii^iit^o, 02 5 \**<D*r$m 8 1 

[0011] 02 4(C?K-rcfc5fC, TJf 8 3 0 £ UTS 
RAM«^$ntIfi8 4 0 ^«t5, 02 
4 (B) ^ti^C, C«IS8 4 0il:i^yXh84 
2£^*iL, 1^0 (C) OIIi:tt>yftft*Xh8 

40 i 6&r/fi«#x h 8 2 6 tMts;^->$i 

[0012] ^{C, 024 (D) lZjjk~r<k O \Z, V V 7. 

h 8 4 2 u>^^fcr;ua^^7A (Al) 

l8 4 4 ^IfL, £6fC|5j0 (E) tC^Tcfc^C-e^ 

mmizA i mitms 4 6 ^^^-r^o 

[0013] 82 4 (F) (C^k-TA 11848 

(D^lf^tC, P10 (G) (DJ:o};L^yXM504i^ 
lxT/^^-->^-r^o CCD^, 02 4 (H) \Z7*-r& 
O \Z. A ims 4 8$lyf>m:tt, ^ ^-^ 
50 «p«8 12. h>y'8 1 4 RCXt >^«f#3j?X h 8 1 6 
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[0 0 14] ^C, 5 C^f ^DtXCJ: 0 ±S 8 
OO^^^t^o C(Dfzisb\Z, 0 2 5 (A) ^ t* <=fc ^ 
l/yXh 8 5 2 ^Ki^L, K»l 63 (B) £^*T<fc 

A) H8 5 4 £H£lFL, ^-W^M^-^tCA 1 &{fcJBI 8 
56£J£j&Lfc&> ^g5WAli 8 5 4 ?:Xy^>^ 
iitSCtt, 5^-8 0 2RZS^ h 8 

0 4«$n§ (02 6 (C) - (E) o 

[0 0 15] 02 5 (F) fC^*r<£ 5 l/y 10 

Xh 8 4 2&^8 5 2 ^i^t§C<i:T, 11 8 0 0 t 
*R5/I 8 1 0 tortilZ&ft&MJ&tStl* M 8 

1 0 tTM 8 3 0 £©HK:2raa*JBj££*l*. 

[0 0 16] b^U^^6±IH(7) , 7 p n-feX-e^, DMD 

OltJtt, 5 5- 8 0 2 CDM£4£^£&£-r£^S£& 
5 7-8 0 2(0^^:57-^118 2 2, 8 2 
4 £<Df&l<Dfem<D&l£&. 02 5 (A) C/Ttl/yXN 
Iit?©l/yX h 8 5 2 <73J12tCte#LT^/!:^£"?<& 
*. 20 
[0 0 17] M^t, :olWUyX MlXtf>3— ^ 

St;t^yXh 8 5 2 o;p^ s-«li:K)£t6 c £ 

[0 0 18] ft3feCDXh:>:3— y-W >^fe"Ctt- 

xATtefcfcA^^aJffe-e**. fiE^T, f$ tc # Ifc <z> 30 

[0 0 19] ±fZ<£>Fo E Jjg<Z)fll<D 1 Ote, 0 2 5 (F) \Z 
Stl/yXM^IiCiJ^t, > 7-8 0 2$fclit: 
> v 8 1 4 (OTyjT&oT* *Sotl«OU^Xh« 

i^S^^^bfct-rn^, 5 7-8 0 2 t7Fl/ 
Xti8 1 8, 8 2 0*i'>3-hl, XI^7-0^ 
tf&frf^n, »5^li$7-«MI8 2 2, 8 2 4 i 
7Hl/Xfl8 1 8, 8 2 0^y3-hLTl$7. 40 
[ 0 0 2 0 ] ±82©«|jSa)DMDO«S©raa«» s^ — 
8 0 2 «> + 4>ia««CIH]«8 o 6^*snti*o :t 

T&5o 02 5 (C) CDAl«*Iii:*5^T, hlx > 

mt>K\zA i ^^^-r^i, w:on/>ffc#»t 

[ 0 0 2 1 ] C©3iii<ODMD?tt, t>y'8 14 

8 o 2 <owpE«^i8*u, ytmmmtfft&zc tzw 

*tlt^«. 50 
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[ 0 0 2 2 ] L#>b&3P&. 8 0 2 

CD*frK:«[H]«8 0 6 ifim&zn. 3t»«<0»^*l*± 

«Wf4tv^ra«fe»«sn*. x, ca^8 0 6 

[ 0 0 2 3 ] f CT, #S&9KDB«£-r*<2:£;5tt, 
[ 0 0 2 4] *J6iOiSOIWtt t ^/h5 7-I±CT 

[ 0 0 2 5 ] 

[ 0 0 2 6 ] **Mi§&(D[H]gB<>:, ^CD 

/h5 7-tMt§Mi:lii^l^$n, ^7-n> 
*CJ:DttlB«/hS^-*«»«ft***««*t» til 

•5. 

[ 0 0 2 7 ] mrlB ^ U n >15 ^-S^iimriemMS^ 
[ 0 0 2 8 ] C?T5ch, #7X«««**K^«>JBfiS 

[ 0 0 2 9 ] 4$tC, MSS^AtfN a^<Z>7JU77 U 

[0030] c<D&£ijm\zmMm&izm<b'r> 
*&»&m-eh&< * &&&J5m\zz>^T\* 
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[ 0 0 3 1 ] »E'>'J3>85 7-S«»:tt, h-~>a 
ms^A<7)35:^ i:tfg&£&££n*o fit, 

[ 0 0 3 2 ] CoTZt. «*Oh->a>A-©ft 

10 

[ 0 0 3 3 ] ::t\ ->U n >$8 5 5-^«*54iS-rs 
h^s5 (a) lift 5/'J 3 >»««f>fc^|fitt* K — 

[0 0 3 4] *»9!;frft<Di&<&J|*fc«fcntf, «>'J3> 
[ 0 0 3 5] tSS$£», **«*<DGDSBfc. **<DJ1S 

[0036] ctucjg^n&cote, w^z^i&mft* 

[ 0 0 3 7 ] ^-^JgfiJc^n* 

[ 0 0 3 8] COi, H-^IO*ait>'U3>Sfi 
«Iyf>^l/TRliL, f©H-yi©*ICK»i 40 

[0 0 3 9 ] K-7H<Z>X*^>4fIg£*« 
[0 0 4 0] CCOl7?>^II^)fc^CO/^- — 
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[0 0 4 1 ] Z.G>Jj&X\t* »&m<0&tiLtiLm&t>it1fi 

®%x$>o* Lfrbm'i^^-mtemsmz&f&xgz 

[0 0 4 2] &*5, ±E<D*ftfc*3^Tfc»ffi»£fefc 

[0043] &®mxm'b$ 7~^Eit5i^, ma 
&mzmmizLx. wes/u 3 >«tM8oiyf> 

^ CD #> CD V X ^7 ^ * - > it ^ JS -T £ <£: J: V i . 

[0 0 4 4 ] ±m<D^m^mXU. 8J12 K-^ji©^ 
if3G$32Sg££ 1 x 1 0" a t m/cm'^itt^t, ffi 

[0045] sac, atrie^f ^ xitiSi^Mtsi 

Itlt. We££±tfffi&tf£tt«£#fcr*teB& 
[ 0 0 4 6 ] fitTE«ffi»^SW«ffi«^tf I TO (<> 

• 7^>f > • -f K) CTJgJBfcU 

[ 0 0 4 7 ] WEj/'ja>K$7-«fi*I^, 
«»K»$n*«/h$ ^-ii^SPLTi^&BtCT, ifiTE 
>"J 3 >U5 7-»S±tC5S^7JA--S«*^^-r5X 

[0048] z-commtirt-mwuzj: 0 % 1*^3 7-® 

[0 0 4 9 ] *%^^B«, ^F««^K-y$nfc*B 
t*ft©«/h5 ffiEB/,h3 ^-fc-^lSncTg 

*««<DiaaRt, *-cD^a<D&*>±tf ge<h, fjEong&ft 

t*oT§*<0l}fift/h5 7-£2*rt?f*fl:Bfc:j&*fc£ 
ft, ^-a>7jfC<i:0WE«/h55-S«»««j$i3-* 

t*t*&-rs^B«crGfl««k o^auBsftstifcXttSR*:. 



( 7 ) 

1 ] 

[ 0 0 5 0 ] miis^/jN^ ^-±c^^^nrcs 

its<s±^ffi^¥£MK^j£sn£. cniao , Alt 

So 

co o 5 1 j mmmMmiz&mmmmz.tfi to (<> 
[ 0 0 5 2 ] wia«/jN^7-^«r8B«*#t*tiRi'r*iB 

[ 0 0 5 3 ] itEft/hS 5-{C^^^nfeBti2$6^^t 

[0054] mmmmmv>m&2kmiz 2 0 0 *>^x h 
tsn*i/h5 7-oiitift«JittiMsn*. 30 

[ 0 0 5 5] CCO^/Jn^ 7-<D3R0#*«rB&ihr S K 
[ 0 0 5 6 ] C©«/h3 ^-©3S0^^*B&±-rS$ 5 

[ 0 0 5 7 3 *X«a%SRBIl£ffitiT. <&m^ 40 
[ 0 0 5 8 ] «AH ^yi^'>3>7>^t, ml IE 

[ 0 0 5 9 ] fc*W4* ^ffe#^£n*&ft#£:, U 
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[ 0 0 6 0 ] »S*ffi#tt£fc»££ttfc* 
[ 0 0 6 1 ] £ ^iR*^©**^^^ fttf-L 

&mzfttzK*mfc®.nytmzmm-r 

[ 0 0 6 2 ] Zo-?Z>£, *mfcVX./\t3LE<D&nytfc 
[ 0 0 6 3 ] 

[ 0 0 6 4] (Sgraffiti!) 
#&3i£B<Z>fltigI&(§g 

Hif4, « i nmmiz&zyt&mgimtDzmm&mmz 
mm\z*mhx* y'j3>i^7-SRioo, #^x 

iJm@S«2 0 0&tf#A*-#^X3S«3 0 0 jfcSfcric 
[ 0 0 6 5 ] >"J n >£SU 1 0 0 t4, T h 'J £ 

x±i:i?ij$n/t»j8:©i/h5 7-i 0 2§tts. c 

>A»i0 4i:tii5nt^«. « 
K**£n-cn*. 1 o 6 te, 

3 >A- 1 0 4 ©fflS*£*tta*lTlr>*. 
[ 0 0 6 6 ] :©^jN$7-10 2ft S2f;:ft*LT 
^"Tiza^, h-y 3 >/\ # - 1 0 4 £©ig«§»#GD/3ffl 
U >y h 1 0 8 ?&*?gjsfc3nTH*. COXU^hlO 

- 1 0 2 <Z>fg$SKffa&$ac Utl^. 2 &£1ft/h£ 5 

- 1 0 2 <D&m\Z\*. KttM 1 0 2 a^MStlt^ 
So fit, »^"r*tt«i^J:t)«/Jx$7 - 1 0 2rt<« 
Ml^n^at, C©»/Jx * 7- 1 0 

K |S] tt X3t £ S» * * * M ft * H t (C ct o T . 



( 8 ) 



13 



&m¥-9 - 1 5 9 9 3 7 
14 



yt<D£m Zff O £ O \Z h T H £ . 
[0 0 6 7 1 02&tf03 (A) . (B) iC^T 

0 2S^h-^ 3 >/1- 1 0 4<D&«^fc 

^ 7 — S W 1 10// 

^ 7-g£ LI 1 0 u 

^ t i i u 

h — zs 3 >/\* — 4€ W2 1 m 

h—>3 >/\*-Jft$T 2 0. 5m 

G3gB#l£ H 0.5m 

dlRia © ±5 ° 

HI Kl^-r^^X«*«««2 0 0 tt, + *««fcGa« 
2 0 2 $f I, f ©«ilca'5±tf»2 0 4 itf ft. 

±L*>±tf&2 o 4<D-mitwr)XfrtimmmhQ 2 0 

6<h£*U rcD^SHtiiP 2 0 6 ©JUMfctt, OQS&20 
2 £g^-T£mSl&m£S&2 0 8 iJljWStlTH*. 
[0 0 6 9 ] C0^7XltSSfe2 0 0<DtHI^2 0 2 
Ctt. X^f6l-C?P0^^ 2 O(7>0/Jx^ 7-2 o zm<D h 

V/t- 1 0 4 (HISS 2 0 2 0: 20 

D^m^&stu &^±tfSB2 o 4 03eaf£Hi;ffiS£ 
;f -r £#&o3£&g&2 i o£*r-r£ a 

[0 0 7 0] #7*$^@g£2 0 0 <£>IH]S&2 

0 2&tf*«Btffi«a&2 0 8 ±Cte, Ei»/X^->ffl2 
12«$m^§ 0 £<Offi*fc/^— >«2 1 2 it, 

ia 2 tc^-Tcfc 5 fc> h-y 3 >n-io4 zm/urdmrn 
w^/Jn^7- i o 2 wii^^taiTft^ic, -en-en 

^1, ^207Hl/Xfi214, 2 16$tt5. f 
It, Y^(;}&oTE^J$nf;Il(Z)7Fl/Xii2 

1 4^11 0>^5igB^2 1 8f:^i^$ntV^ fl |BJ 30 

Y^ffiil:i&otffi^snfcI2 07Kl/XM2 
Hit !2<D^iii2 2 oc^i^snx^s. 

[ 0 0 7 1 ] ±ffi<Dj*«*WT*;ff7.*«*ffi*«2 0 
0<D±(c, O 1 C/StJ;^ (CUT, y'j3>ll^7-S 

& i o oa«»«»£sn*. y'j^/i^ 

lOO0h->3>A-lO4 <D{^^§^R^^^ 
25106<£:. ^7XltiSS2 0 0(D^i:^I2 0 
4tm*n*. y'J3>|?$7~Ml0 
0©h->3>A-104©fW»t. #7X§3li}i^ 
£2 0 0 £>£&g52 1 0 tfimmm&ZtLZ* £ 40 
<D&, ->U3>R$7-Ml00©M«106i: 
tC, */t-^7XS« 3 0 0 ^3*l5. -ebT, # 
10 6 <ta^^nT^fc€-^ ©h-/3 1 0 

4<Dnm&&* i o 6 frzmvmznztiLmizT 

^y>y$n^. SSK, #7X§^@g«2 0 0 <D 

£^±tfs&2 o 4 cwD^fr^^$tifc*a«imo 2 o 
mm iz 3t£3i£a 



[0 0 6 8] 



1 0 0 m 
1 0 0 M 
5 M 

5 m 

5 M 

2 0m 
2 0 m 
±20° 
{£T#ElSn-5. 
[ 0 0 7 2 ] tt&ISffii&I§C3I0>Sa9! 

^/Jn^ 7-1 o 2©ONi^ll©^f:fi, siic^-r 
x*fti:i&^TfiW$nfc»*©«(h5 7-102 k# 

IT, h-->3>A-l 0 4*7>bT(Sr^fCii«-rS Q 
-77. dtt£|^B5t;:0 1 Citi 1 , I207FUXf 

«2i4, 2 1 6 &~m£vx&m&x\zmm$:-emm 

It$n§h->3>A'-104^, il(D Y?j [cij 

tittm^* 7-102 sKtoit'f trfrizxoNmmm 

[ 0 0 7 3 ] -77 > tt/h57-102SOF F Mmm® 
^%>\Zte, mi , I2(D7H UXti2 14, 2 16C 

jto^ft^jE(7)^^^, oNm&mwjmtizmiz'ttiitj: 
tr^ cniao, «/i^7-io2ttON««fii^t 

[0 0 7 4 ] yt&mmmnnfcijmnmm 
mimmm\z%^yt^mmm<omm^m\z^^x, m4 

Sfi ioo ni:;*lcov>TK9!T*. 
[ 0 0 7 5] (I) ^>'J zi >£gi* 7~g& 1 0 0 <D&m 

(i) K-^JB*#-r*s/u 3>«fi0iisii 

COXHTH H4 (A) lC^Tv / U 3 >SS 1 1 0 <Z) 
ftW\Z. m4 (B) F-7"il 12 ^^^tTVi 

1 1 0<OZtf>l3te*frRr;#D>K-y»<O«6«Cf& 

[0 0 7 6 J *HS60imi, > K-y«<Ott«* 5 
0-lOOcpil, X£>®£^#££{t£-l±£C<>: 
-C, #n> K-y#<7)fg|j?£0. 5-5. OMmCOiS® 

[ 0 0 7 7 ] :©^O>h'-7"lt0Xe>3-f>f >^ 
JO^iPCT 1 0 0 - 1 8 0 *Cf 2 0 - 4 0 5frWJD 
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b tc 4 o o-8 o ox:<Dmm&®%ip-e i ~~ 2&fmm 

nmn^xs 00-120 otctmbsm^s i obsp^ 

6 m mm ft & x m & n u ft „ 

(b) tfisi)3>mfoi i ovftmizmtt&zn* ->u 

oy&fol 1 OOTffilz. 04 (B) K^T#n > K- 

££f§gT5::<h#-?#. *H56#j-ete 1 0 0 otte 

[0079] COtt, #D>H — ^112*©*n> 
#£L<telxi0 ,< at m/ c m 1 £A±-e& 

1 1 0 emyT-ytfxm^&^T, z<D#u>F — '7m 

[ 0 0 8 0 ] *n > H-^l^^^-rSfc:^. #n>i£ 

^mnrnrn}** 0. 5-4. omm, $^i;ifsi<tt 

2. 0-3. OmmfrstJ:^, £ <E>2tfagB§H^£ 

^l^bfeS^, Jjn&JpKTS 0 0 -i 2 0 0t, 

1 1 0 otT, ^mmm^-s U y hJl^/m i n#J;U;£ 

6 U v V)V/m 1 rUCT, 1 6 X. 2 

[ 0 0 8 1 ] $bi:I©^^iLT, -r*>&A&£& 
fflUTt)J:Vi. :<D^OUliiI^^-tt2 0- 5 0 k 
eVT, il<ltt35keV-e*S. JjD>l€^tf> 
&£tkTF-%S&, 2X10 ,, -8X10 ,, 1^IS 
-e, M£L<te4Xl0' , {®-t:&<5. $6£> 
ffittl. 5-4. SmA^ISt, UL<«3. 0 m 

0. 5-4/zmW^P>K-yf/i^5jt-etfc. 
[0 0 8 2] (2) ^iibll 
#JC, #n > F-^Ji 1 1 2 tfJBJSfcSnfcS' U 3 >S« 

dco^'jn>s«i i ov>mmizf&m<tmi 1 

ia&CT4f$PpWtT&IKt&3I£fT 3 Ctt, lum 
OJSSO&lHfclBI 1 1 4 ZMf&Llt. Z(Dt%* *n> 

i i 2 ^^^{b^n, *<Di&im\z*>f&m<km 1 

1 4 tftJBJSfcSft*. 

[ 0 0 8 3 ] (3) /^-->^Ii 
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^C^> &&teJ8 1 1 4 Stt^vU 3 1 1 0 Sr, 

*huvy77-fii**«t4i:i:"e, 04 (D) k 

*>'J3>»«1 ioc*Mi:ll, + 
TZfZltKDm 1 CDV*^ 1 1 6 £/1^-l>^L£„ 5> 
■J 3 >gfc 1 1 0O^o>H~^Il 1 2 £*-r*T® 
ft. 0 1 - 3 fcTrcTlft'h^ 7-10 2, h—> 3 >A # - 

104, #tfg&i o ea^'j 7M0 sfcHSrtejsfc-r 

(Ift>"j3>i) 114*Wl/fc. 

[0 0 8 4] (4) ->'J3 1 1 0 OX y^>^H 

m 

fc\Z. 04 (E) K^Tcfc 3 fc» ->'J3>S«1 10(D 
20 iffilCMSnfcllOVX^ 1 1 6*«ffilT, ^> 

f>^Ii«. l-40li%OlI(DKOH7Kii^ 
JB^T, -> 'J n 1 1 OS^Iyhlyf>^L 

[ 0 0 8 5] 

S i + 2KOH + H,0-K I S iO,+ 2H I 

0 4 (E) \zm-tko K> > U n >S1£ l l o 
30 CD^® 1 1 0 a <D*£ifIi®?jft£ (100) £^Z>£. I 
yf>^l:«k0ill«Sn*«lil 10btt55t©ft* 
ZtUzMVX, lillOa(D 
fc!iil3o2Fft£ (110) (ht5t, mmi 1 0 btt&lsC 

safcst-es. a*tto«viiyf >if**«TS 

[ 0 0 8 6 ] d0)*#(OXy^>^»j«tttafi, y'Jn 

>S^1 1 0 <DfcfclZ<k 0 £-?2>&%$Lfo&mmi>. * 

40 #n> H-^H 1 1 2 O^FIHfi4»iift*- Ul 

O'^tra/cm'tlittS:^, C F - 
^11 1 2^I«yf>nh«yyii:lTM^^: 

[ 0 0 8 7 ] ^*3, :©II1?lt^n5X-;f>^« 
tlTH, KOH7fci£$mft-ete, TMAH (7=*h^^ 
T)Vfcmt7 >^:X^A) EPD (If l/>y 

[0088] ( 5 ) > K-^S 1 1 2©Iyf>^ 
50 II 
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&\Z. m4 (F> fC^TJ:9 lc. ft&fc&t 114 ©T® 

i;i^$nf;i20Tx^ lis z&m it. k 

[0 0 8 9] CCD H ?<i Jiy^Xfte. 

CF,$30-60sccra, O«$30-60sccm 
#At, 13. 5 6 MH z <D&ffi&mM<D/^7-$:* 4 
0 0- 8 0 0 W, &\zmmi&£ LX6 0 OWCt^L 
fz. ^Y>A^JE^^, EF^L^teO. 0 5-0. 30 
Torrt?$5, #^$&#mi^if 0 . 1 5 T 

o r r Ltz* *MMMX\Z 2 u m<Dtf a > b — zf 

®£X'.y ^>^-r^<OiC, 15-3 0»(Dl7f>^ 

[0090] :®^D>H-yil 12$f>'7-fX«;f 
>^t5:t"C, (31-3 CiKl-^/hi 7-102, h 
— >3 10 4, #tfg£l 0 y M 0 8 

[ 0 0 9 1 ] ( 6 ) f&m<tm 114 ttfflBXfl 
Ctf>*fc&{fclg| 1 1 4tt, (5) ©Ilfl)ily5 1 >^7 

iil/ttt. flfAfcf, (3) /^-^>yii"CRWl/ 

fc, i o %mm<D%ry ymmm*m^x%A^. :®i 

S©H««CJ;0, 134 (G) (c^TJ: ^ fc, #o>K 

-^iii2 xm&zntc&tfim 1061:, »/hS7- 
102, h-s/s - 1 0 44 m»snfc«i€ 

[0 0 9 2 ] (7) ^110 2aOlfIi 

i0 2(7)^®fc, #j*.fc£T;i/£ n^A (a 1 ) a>£ft5 

Sltll 0 2 0»j;U;fO. 2-2wm©I$l;tl 

#-f 10 2a <D«|J?^±'lS&a^S fc. «/h 

i= 9- 1 0 2 (AUte^E-* > h ftoT, Slift 

-^1112 <0£ffifc -est** 102a^^ 

[0 0 9 3] C<D<h#, »/Jn*5- 1 0 2<D^&*VeD 
*Tftfc>^ h — ->3 >/\ # - 10 4 fCteA 1 tfttmb 

h— >3 >/\*- 1 0 4±Ct>RttJi 1 0 2 a^Mlt 
#tKS& 10 6 0>£ffiK38#-r* ->U 3 >s« 1 

[0 0 9 4] ft*5, Sit® 1 0 2 aODfcmt LTfct, *J 
(Ag) Sffi^SCi^TfS. SW1102a 
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[ 0 0 9 5 ] COORStS 102a (C^e!lIgTit -e<& 
Tifetf-e&£#n > ^-y® 1 1 2#¥iST&£^6. 
^(D±(c^^^na^lt® 10 2a t)¥II3^T§C 
iLd^-et-So cniC^O. Elf® 1 0 2 a £A#t«**l* 

10 [0 0 9 6 ] &±<B#Ig©*lSlc«fc 0, 

4(1) fC^Tct 3 IZ. y'j3>«$7-Ml00, 

#^xism@gfc2 0 oxt;*A-^7AM3 oojd 
i&^fTfcnsctfcft*. cco^^xa^^^-rs^ 

(C, H5*#flBLT. ^7XltiM2 0 0(Diil7' 

[0097] (i i) #9znmm&tiL2 0 o<Dmm? 

^5 (A) C^t J;^ JS7XWkmm&&2 0 0 
20 -Xt^5if77M2 3 Ott, ^^-r?>^@j$^$ff 
otz&lz. T)VX iJ&mmjL&J- b U £A (Na) £^ 

2 3 0 £}JDf&-r5fc#, S/>j3>tMM 

ft#*isi£*Lttc&e#*rs&. 3-->^#7 7 4 

[0 0 9 8 ] J(^T* £<D#7Xg&2 3 0 ££H>fc#5 

30 xitss«2 0 0 <dw&7 n-trxKo^Tia^-rs,, 

[ 0 0 9 9 ] (1) EJS82 0 2 3£ <Z)A * - - > ^Xl§ 

i«:^It5:tT, ^5 (B) \Z^T^V\Z, jj 5 X 
g&2 3 0O^®K, WTs Yrt$ — >%2 3 2 

UyXh/^->gg2 3 2tt, 3^i:#gg&2 0 
4, £ftg&2 1 0 Oft^mffilZ&J&ZtlZ. 
[0 10 0] (2) EI^2 0 2mv>&f$<Drz&(DX.yT 

>*fjzm 

40 2 3 0 $7-;»*»»*ffl^T^l!y hlyf>^ 

tS. dtlfC^O, 135 (C) {C^TGQ^2 0 2 

m^^tba 206 &tfm@®aii£g&2 0 8 t>iM^ c^ric 
$n5<> £(^ihi^2 0 2 coai3«, mmmffiRztumisi 
E<DX. y 7 ># z txmmT'gz* 

[0101] C(DIH1^2 0 2 <D&Z\*. l/h$7-H 
^>y^^$li^LT. P y hmX'mL^m^<DB^2 

0 2 ^^^-r^^^^^^o 
[0102] ( 3 ) uisz bmmxm 
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HS d <hTfr? d <h#T£, £ n £ 0 12 5 (D) \Z^k 
"T «fc3 #7*S«2 3 0 (C^j£<**lfcft-5±tfB&2 
0 4©5c»6, h/^->g&2 3 2 £itt$l£-tf 

[0 10 3] (4) mmrt?->&2 1 20MI§ 

2 0 8 ±K^/&-f £1\ 05 (E) fc^ 

-r^^tc, ^7XM2 3o©i®c, 0J*_tfr;us- 

^7A (Al) . §& (Ag) , & (Au) XfetlTOCT 

5. *<Z)«, :^)tiI 2 3 4±tC, $h'JV^77^ 
Ig£#JlfiT*;i itl/vX h 2 3 6 5?fcJ& 
(05 (F) o tCO'fg. £<D UiSTs brt9 — 

>W>2 3 6 ilT^lt, 1112 3 451 

[0 10 4] *<D«. 0 5 (G) K^Ti^fC, 

9-y%2 1 2±ous;xh/^->«2 3 6 £f&i«t-f 
^9XMM«2 0o^j«f«. 

£JBH£*J**m. 1112 3 4 CDMKKlcfc Djg^Sft 
$n^o tIi2 3 4 ^K$ITO<i:T§:it)-rt 
*. £ coifed te, tttt + ifl»te7R**<DS^tta>5fc 

[0 10 5] (I I I) $/'J n>sa^^-^^i 0 0 t 

jiy7snnmmwL2 0 0 £cdhii&£0 6 \z7&?<t o 

\Z. fil^b«i3 1 4lC»*Snt*-; h^U- 
h3l0±(;^7XUiISi 2 0 0 $HL, ^co± 

iC'>'j3>«s7-»*ioo*«ir«. coit, 

#7X§&m@g& 2 0 0 \Zte$LZtltzW, 1 , I2(D7F 
I/XM2 14, 216£, ^'J3>«$7-1S10 

0 7-102 -e*^n*ff*j-r 

mmmz 1 6 cr«»u«tj5*6. &a^^-fr««3 1 4 

i:J;0^7^l[tlM2 0 0 &=.%;7t¥WV&W)£& 
[0 10 6] l»&&£0M*f;:. SKI 0 0,20 

0 mizziztsLzn&mtfmwT^z t* ss/h^^-i 

0 2 £iS&/^->g& 2 1 2t««'>3-M, ^fiflt 
feotl^. p6fg& 100, 200 £&^-r 

MT£>£„ deflate, Pl^&lOO, 2 0 0 £Ste£- 
fc-tfSifttCfT? Cttf-CZZt&lZ. £»/^->«B2 

1 2 1 TorcT-#i*i,&»*fc:tt, paf 

glS^Mfe^fcitTfc, ^7XltlS«2 0 0(DTi 

xomwL&izTWimisTffo 
[0107] ^'J3>as 7 -sfii 0 orzs 
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^7XMtiM2 0 0 zmmmms 1 2 tcig^-r*. 

->'J3>857-Sfil 0 0filI3 1 20^7^^ 
^7XH«II« 2 0 0li«K3 1 2©7<t^« 

fc^nfnii^ti^o fit, ^yhyi/-h3i 

0JC£O, ^7^ifISl 2 0 0 5 2 5 0 -4 5 0 
t, MAtf 3 5 O-CtCjftlf&L, tiH312J: 0 3 0 0 - 

1 0 0 0 V, «Atf6 0 0 V©tS*2-3»|BIBllIDt 

[0108] "eoTZt, *yhyu-h310fCcfcO 
10 M^n^CiT, ^7XlfIIl2 0 0 4 J ©Na 

»ft£J;0, ^7X8MSt2OO0^Sli7-ft 
xtcfil, ^'Ja>fi$7«S«ilOO08^iitty 

t>tlZ ZL<tlZteZ>. CtUZ£Z>. '>'J3>I^7-M 

1 0 0 tis^^mmmmwL2 0 0 t^&atc&^-r* z 

£#T£S. 

[0 10 9] COIi^^taO , 5"J3>R5 7-S 
20 «100Oh-ya >A- 1 0 4 ©fflfiSSSft 1 
0 6^, ^7X»*iSS2 0 0©4'6±tf«2 0 4 t 

-10 4O*fBJ«tt, J1z?X%kmm&fo2 0 0 <Z>;£1ig& 

2 1 0 <h&^£*l£o 

[0 110] COcfcSK:. >/'j3>l!l^ 7-Itl 0 0 
i^7XitIl€2 0 0 i^ili^tSCit, m 

mm*m^Tzm%<D&o\z. mmmom^^m-r^ct 

30 HOT, 03 (B) {C^tDDWjSSHSnyhMTSli 

3 7-1 0 2 ^ttiA « tfttt* feor**^ mm 

$gn\Z<kK) ZCDMtlft 9&hUy mT^-fCl^T* 

[oiii] *A-^7Xi«3 oo5, ^7Xiii 

St 2 0 0 i:ilil:Na^^ff5^7XSM-Ci^t 

nff, >/'j3>8$7-ifiioo©<*tt»i0 6i:» 

IT, CCD7JA*-#7X&« 3 0 0 £H«£R§S»£T 
ML, > U 3 >£U ^-^^S lOOi 
40 *A-^7X»S3 0 0 t©»^tt, *it&£M-T3%C7} 

[0112] (IV) itih, y-t i/>?RZfim&X& 

( i ) &±xm 

fllffiD 2 0 6 SttiLWCJ: OititLTftWr*. C 
TfBO (2) y>f'>>^III:t, y'Jn> 
K£7-£«l 0 0*5J:^^7X^m@S« 2 0 0 (Dm 

JH, ^/h^7-l0 2 £^$/1*->g& 2 1 2id^3 
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eta*-?**, Tiso (2) is>trxm#\z 

tt. H^^f 3 3 0 O2O(0i®(:, 07 (B) (C^ 
"Tcfc^fC h-->3 >A-1 0 4 (O&ai&P^Bg 2 

40#£i;s<D-e, c<DftifeM*2 4 0 t>Eiit:i/r 
£fih*T* 

CO 1 1 33 (2) $T*f ^>>^X^ 
m7 (A) K^"f J: 7 fc. ±12(7) £ 5fCLT*#S*l£7fc 
^iif 3 3 0 $Mii^^C, ^4 (A) C^tv U 
3 >S« 1 1 0 ^ifigfS 1 ftCD^xA 3 2 0 ±K^/$ 
t§Cfc«$S. C CO 56 , 7££Pim^3 3 0 (D^fifc 

^3 3 0 t^LTV^, CcO^-T y>^Ii(:i 0 , 

1 o 6 fcg&snr^fc h-ya >a- 104© 

$n^i^3 3 0 it@7 (B) K^lTMDTfc 

So 

[0 1143 (3) EUlH 

ftmzntzyt&mm^z 3 0 s^l^^s 

J£±Ki®£L, IB*i£fT5o ^7 (B) C^-T^?^, 

m@&&«3 0 8 jtco&$i/t^->g&2 1 2 <t, mmiz 
co 1 1 53 (^2ni0ij) mm&nsi&'sjt&tsi 

So 

C0ft2ftffi0IK:ft£ft£MgBtt« 0 8 0 9 {Zt£ 

Xiflli5 0 0&^A-^f7XM6 0 0 £Wf 
So S/'J 3>8S 0 0 t^?XMi!iS5 

7-£«4 0 0 7X£«6 0 0 to& 

1 3S5S#I<£:PJ&JC, MM4 0 0 . 6 0 0 ^11^ 

[01173 :©y'j3 7-S&4 00 ft BT 8 

^ 7-4 0 2 i, X^riRlfCE^J$tLfc^/h5 7-4 0 2 
^lit^h-y3>A-4 0 4 i:, :(Dh-y3>A* 
-4 0 4©tta«llt5M»4 0 6 h 
-~> 3 >A*-4 0 4#&/Jn^ 7-4 0 2 tl^$n?)l 
JSffl<0«fflfCttX U y h 4 0 8 ;5*J&j5&$*lT^S. * 
tzs h-v3>^-4 0 4W-^4 0 4 a(t W4 
0 6 lzm.&m&2tlT ^Stf)(C*fL. f«l^4 0 4 b 
\t. KUMlD$7-fflM4 1 0 6^lt^»4 0 

6 ti«$nt^5. 

CO 1 1 8 ] &tfc&4 0 6 ©-aiCtt, T H 
ffiP4 1 2/l^0^t^fiJc$tlt^-5. eUt, 
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ttJQ 4 1 2££f±<8S£fc9J0g&4 1 4*<SW'fcttTH 

So 

CO 1191 C<7)'> l Ja>I$7-SS4 0 0ii, y'J 
fctt, H8l:*tA-D04fiI©MI:i&oT. 4&<D 

is >ju>m^ 7-i«t^is$n§, 
co 1203 m sizTjk-fx^zmnmSi&s o * 

10 tfJBj££nfc£5±tf8B5 0 4 £*TTSo C^D3^5 0 
2lCfi, y'j3>i'7-M4 0 0©ft^I0^414 
<h*tfaTS&gK:*ftUy 5 0 6^Jt^ntS. £b 
fC, 0flg&5 0 2 fCte, S8 COX^TfSlfCr^^f S 2 0<Z) 
^h^-4 0 2, 4 0 2 ©PSfc&K-rS h-S/a >A 
-4 0 4 i^f6l-rS^MfC, 3tft^5 0 8 ^ft§, # 
7XiiIlS5 0 0roM^5 0 2f;tt, 4>IBU^5 0 

->g& 5 1 0 ^fef&2ttT^So £<£>ffi8lA*->SB 5 
Hit h-~>a >A*-4 0 4 £J£K UT^/Jn^ 7-4 
20 12^2^©M<h^t5ll, i207Hl/Xfl 
5 12, 5 1 4£3rTSo B8a>Y2fGlK:#oTe*J;* 

&5 1 6 C^ISKlJntV^. 0 8 tf) Y^ft 

fc»^TE*JSn/!:»*<DSS2<&7 H U^ll 5 14 
«U 2 O&IIiSgg 5 1 8 £#iI«l*$*U>T*. -tb 
T. m 1 , ^2<D^51K^5 16,51 8 <Dl%& 5 1 6 
a, 5 18a^ *fSl 'J 7 r 5 0 6 £8 Afc&SSfe TSS 

[01213 &*5. :o^7XlfIM5 OOfe, - 

7t***^ fcK^-r >>y$nSo 

[ 0 1 2 2 3 u0^7Xl3fiSS5 0 0 ^y'jD>U 
^ 7-mWL4 0 0 <fc»««£Lfc«fctt. «1 ( Sf!2<7) 
*IE$I5 16, 5 18(Z)§5g^5 16a, 518a 

tt, y <j □ >M5 7-SS4 o o ciDM^ntr h 

UXm&SXtiiP 4 1 2 £7>LT&£t}£ttS„ ft*, *> U 

n >»s 7-*«4 o o 7xiam@gfc5 o o t# 

1^ 7-g&4 0 0 <£> h — '> a >/t — 4 0 4 <Dj^31g&4 
40 0 4 a, 4 0 4 bfttf«*tt«4 0 6 i , 

15 0 OOj^iMS 0 4 <h#{S§&&££nS. * 
Ac. y'j3>|$7-SS4 0 0Wh-y3>A-40 
4©*W«*«. ^7Zlt@SS5 0 0(D^5 0 8 
iCB§JI&££nSo C©Sg2*Jfi«-Ctt$6fC, y'J3 
>K5 7-g£4 0 0 <£>{±3J0gB4 1 4#, 1iv7.Wi% 
1115 o o <D*mo 7*5 0 6 <!:»ffifcSSn*J:7K: 
ftoT^So 

[ 0 1 2 3 3 i8C^t^A'-^7XS«6 0 0li, > 
'J3>S5 7-SS4 0 0 C^ft^Snfc«/h5 7- 
50 4 0 2 ©SgM^i^^-rS^®{ClHIgP6 0 2 *ft 
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£©IH«6 0 2 ©«*fcttft^±tf«6 0 4 #JBl£ 

;^»7x»S6oo^i*$ns. tit, ar^±tf 

6 0 4<£-226 0 4 ate, ^< > > nfc h - 3 

>a*-4 o 4<d-^4 0 4 a tm^-r s&BKEfisn 

3o £*>±tfg&6 0 4 <7)^IS-3a 6 0 4 a t^fT&fft^ 
-j26 0 4 blt ^i/>y$nfch^>3>A-40 

4 ofl&asu o 4 b tm^-r^&fiKEBSti*. c:a>& 
^, s/ij n >§su ^-^«4 o o co^ ^-ffln^4 i o 

te^«fc«aj-r* £*£-ttf 0 4 OiiftfE 

§-ja 6 0 4 a, 6 0 4 b tm&-? Z>m<D = 21 6 0 4 c 
&tf6 0 4 dte> tn*n>' , J3>B5 7-«*4 0 0 

a>##«4 o6<h(t^o^4i4 ii^-r^fiitcsei 

[0124] B9 tc^-r^ic, ->'J3>i 

* ^-s^4 o o \zmnm&2tiT^z>T h ux^&ifc 
ma 4 i 2#*«fc*fflb, ^7Xitiii5ooi 

CM3nt*l, »2©«1EI5 16, 5 18^ 
E&** ca>E*»te, TH1/X1I 

simp 4 i 2 ttitjtwicj: oitihssHsns. ± 

i(Dy-f'>>^Ii^^It^t, h-Sx 3 >A*-4 0 
40-jg4 0 4 a&«4 0 4 b ##«Eb 
te, B 9 f d ~3" cfc O IC, ^7XilII^5 0 0<D4^ 
±tf&5 0 4 * A-^7^S«6 0 0 09£^±tfgl$ 
6 0 4 tOBlC, h — > 3 >/N*- 4 0 4 <7>J9^#£: tt<£> 
m®L 5 1 1 Mf5. CKDPJIKSllt), ±Etra«lC 

[0 12 5] 7t*W*«©«ifi^n-feXfco^T 

H 1 0 £#SaLTf&2*Jfi0dK«S3fc*il&fi© 

« 5 0 0 cDSm:/niixte, B 5 K^T :/n-trX 

Ote, GD«6 0 2 &Iyf>yMt5fc»i:. H 5 
(B) - (D) O^ntXiMtntfJ:^. 

[0126] art, c<D^2Mmmoyyt^mmmom 

[0127] (1) ^o>H-^14 2 2 C0J£/&XH 

Bio (A) '>'j3>Si4 2 0O-®t:, #n 

>F-yi4 2 2 ^lfijc$n§o :<o^n> H — 

[0128] (2) M4 0 0, 5 OO0iM^Ii 

c o m 2 «e m m \ z % % x $z m s b <d m m. -t n -t x ic r » 

fffcjflttt, BIO (B) (c tkT J: ^ #o>K-:/B 
4 2 2 ^$nfc'>'J3>iS4 2 0 &, #^Xgi€ 

500 fcii»*i/T^*aw*. 

[0129] COiIS4 0 0, 5 0 OOiil^^fi, 

s§ i ^ss^itpjunc, b 6 {ZTK-rmm&m^Tnmzn 



13 ) *M¥9 - 1 5 9 9 3 7 

24 

7XliIl« 5 0 0 ^ 2 5 0 - 4 5 0t:Ol5I t 
fc£3 5 OT^-dJa&TSo PIWpIC, pEjS1£4 0 0, 5 0 

o izm.mmm 3 1 2 jj^xmmmmfos 0 0 

t^l'tXlE^, 3/iJ 3 7-S«4 0 0 \z\z 

lIMSOO^ONa C/5X) a*&ffrb, #^X§S 
Mlfi5 0 0 ©SiW7<tXl:f«l/, x'J=] 
>$£^ 7— g&4 0 0 CD&£®#7 p ^XfC3?^L'. 

10 [0 13 0] C©«2*fc«fc«***««B**K** 

<T»tf^eT**. C<Djl&^;ftftB^*3-£te, B10 
(E) iZ^-TSIt® 4 0 2 a — n>^tf>B5UCi&S 

[0 13 1] (3) ->'j3>M4 2 0 O^l7hl7 

#lc, B10 (C) ic^-Tct^fc, #D>F-yi42 
20 2 HZfetfLZntzis U 3 >S«4 2 0 $^©X«/^>y 
"T*. :©eo^i*;Myf>^. !f§ 1 ^ 56 0»J £ 
D#J;Lfcf 1 0-4 0 £i% Ol81(DKO H7k^f££l8 

*tBtt'>U 3 >m$L4 2 0 co^f&fc J: 0 £"F***»iS 

a*-*?£5o #n > F-T'Jl 4 2 2 <£>^FM$f$l 

ixi0"atm/cm , aitt5:i:'e, CI 

30 listsctm*. 

[0 13 2] ft*5, ^Xy hXy 7 c >^iCJ!H>£7jC$gf& 
14, KOH*S«K:l6 6l*, TMAHW, EPDtK 

[0 13 3] (4) KMI4 0 2 aWlfli 

B10 ( D ) fC ^-T £vlZ. #P>h*-yi42 
2<D^^MtC, SltH 4 0 2 a C<Dfc%tm 
4 0 2 a tbtH, «fl^«7j^^A (A I ) 
tSCtTMLT^S, CtDSItB 4 0 2 a<DMm 
40 14, B 1 HM^Jtl^^JC 0 . 2-2MmtT«:t^ 

[0134] (5) SltH 402 a©/^-->yil 
^(w, B10 (E) K^-rJ:?tC, -lO*hU7^7 
^^X^^IIMbT, S»| 4 0 2 aJ:l:l/^h/^ 
->Bi54 2 4 ^J^^-T^o COl/yXh/^->^4 2 
4I4> B 8 IC^-T ^> U 3 >i5 ^— 4 0 0 \ZfctiLZ 
n§i6$7-4 0 2, h->3>/t-4 0 4, &tk% 
406, X U ? h 4 0 8 . ^7-111410, 7 HI/ 
xm^Hma 4 1 2R^tt^0^4 1 4 OffimttSJfcL 
50 T^fc. 
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CO 1 3 5] 4 02a#7;U^~^A (A I) V 

fro-^^T^a. Ctiici 0 , S10 (E) tc^TJ: 

[0136] mWT 7<f * > hgimzm^ 

fttf. 0. 5Mm0ilT, A^ — - >>f*n o Ztifi 
T^^o -T^fe-fe, 010 (E) <7)T#cfcO, T 
^f7^S!iIiS5 0 0<DT#®JcfcO^&&£^LTK 
«/^->«5 10©IS:I$g»L. ra^P^C, ->'J3> 
4 0 O0±#«*»&*Mfkft<CT«tt6fT 
5. fit, f7XltIM5 0 0l35)c$n^g2i 

^->g&4 2 4 £»]£"r3fc«>©JI3fcie C 
CI tl 0 , fft/h* 7-4 0 2 

i*5»«©i/^h/^->4 2 4 s. mmrt?->u 

510©jBl, »207Hl/7M512, 5 1 4 

[0 1 3 7 ] £fc* (Sjg1£4 0 0, 5 0 0 <DMS&£ffi 

Ctl*l»4t5i:i:*«I»TH-ilCfe*. COS^f 
^7X39M1£5 0 0 cr)IH^/t^->^ 5 lOtft 
ifSi,.«/h$ 7-4 0 2jJ««Mi$nfcl6i:, 

CO 1 3 8] f IT, C0^2^JS^J"rfi. ffi£«4 0 

o, 5 o o <Dmm&&<Dmiz. i^^^7xihim 

5 0 0**S*ft!»itU, A4fc<OffiAa***rt>§rt»**ft 
tl/TV^. CCD&K* ^7XlfiSt5 0 0 f3^ 
StlSfi»;^->»5 1 Ott. Al, Agfc£<D&« 
fcftAT. 8MM^tfITOtt5:tW*L 
co-r^ch, iTO©*ii{:»*Lr^«jl**t» 

[0 139] (6) ^D>H-^l4 2 20H7<ly 
#D>F-yi4 2 2 $X7f>n^Clt tfXyh 
gfete, ^i7hl7f>^Ttt^a>H-7'S422 

CO 140] #D>F-yi4 2 2 &F7-fIyf>^ 
T^tCte. U>?X h/1^->g&4 2 4 £»x«y^>^T 

^<7D®4 (F) oifi<h^c&#T^5&-e£*. 

[0141] (7) UyXK/^->84 2 4©UBl 

m 
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£<Olsi?Z h/t^ — >6&4 2 4 te, ^A«UV7>r» 
^iCJ;0, H7<yDtXCT77^>^LTi^ 
"f 5 C 

C0142] (8) */t-^7««t->'j3>»57 
CO 1 4 3] (9) ftifclS 

>'>^i:41 , 509 CKt-fRffl&miKs 1 1 mtc 
pj&ic bruits n* 0 

[0 14 4] (10) ^<y>^II 

0 5 0 0W6 0 0 4»»i«tTt5v' 

T*/^7XM6 0 0 OMlMH7l/fc«fc. 

20 fctlSo C©y<y>^OIS(:, H8CiStfl:IA-D 
«&ICe7t> 1^4 0 0, 5 0 0 Rtf6 0 0 ^n 

c o i 4 5 ] (id mmxrn 
mmiz, ftM2tircyt&mm?<D* ^-mm* i o ±y 

12, 514«512a, 514a 

30 [oi46] i, mzmmmnt. ->u 

[0147] a7-i«sr;iis«€ft 

40 8 0 0 - 1 2 0 0t, S&ia&t It 1 lOOt 

KIT, ^ifHI*tl-4^flMItl > utT' > v 

st actCcto, r*£«mi;ts i -O-S i <D 
[0148] MSfct&S^ffi*?';^ - 

(Al) (Au) tl^{^lffiTt§. 

:n^M«. 3 o o- 3 s o x:£&mi${&UT'&& 

50 jkbB^o mX\t, Aui^lISSiiCX/Vy^Sf: 
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3 o o ~~ 4 o ox:-? i ^ 2mmf&Mwt% 
[oi49] c<d£o\z. mmm$L<DM it tun*, a 

[ 0 1 5 0 3 (13#iS&0iJ) UAT tc^l"! 3 «J&0!ltt. 
^/h> 7-4 0 2 til, 207^1/^115 1 2, 5 

i 4 tomvzs 3 - b &mnizffi±^z zmf&&^\sx 

^5. Bill (A) CitJ;ol:i8/h5 7-4 0 2M 
1 , 1207 K 1/Xtl 5 12, 514 tttfa'F&fflO) 
ffifCtt, *fe^§i4 1 6«^6$ntV^ 8 
^/]N5 7-4 0 2 i:Il, ^207F1/Xtl512, 
5 1 4 t©IBHC^ — 1 0 &W&l,fZi: LTt>, 
!4 16iaot, ft/h57-4 0 2 t*l, ^207 
F^^1I512, 5 I 4 tOWO^a- h*B&ih"C# 

[0 15 1] l/h57-4 0 2 (D36®GPJK:l&i»Jgi4 1 6 
£^J&T5<h, 01 1 (B) \Z^~?Jz?iZ. 11, 12 
©7 K l/Xti 512. 5 14$:^/h^7-4 0 2(Dii 

MiiiOi^CfeoTIi, 04 (G) K3*T&8Hfc 

(o tzxmtitvitmmitfc 114*, mmmtvrm 

[0152] «/h* 7- 4 0 2 tll, 1 2 <E>T K 

512, 5 14<!:(Df 9 l0'>3 - h lk~? Z>fc£>lZ 
It 11, ^2(07^X11512, 5 1 4 0^1 

[0 15 3] 7-4 0 2 <DgMlC*&a£l4 16^ 

J&ricLfcfc^fCte. mis 1207H l/Xil 5 12, 
5l4^i^iIl:Mf5tj;t\ C ^t^i, « 

/h=7-4 0 2 ^jKHl1-5li5 12, 5 14©j^MI 

/h> 7-4 0 2 IZJ&f&Ztlfc&mm 4 16C. 
t'J7©MWt, M5 12, 5 1 4^©ift/|N^7 

-4 0 2<o*owt*«4i;ri/i5. M512. si 

So C<D&m\Z* ffSKIi2 0 0t>nhD 

- ^7 ^± <D K £ £ f^fo am £ K TfcJ&lT £ C £ T 

[0154] *1, *'207HI/XM512, 514 

Itst<fc^. Iftei:J;^Til5 l 2, 

514$MT5i:, fOSSA«Iffii&5. 
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[0 15 5] 05 (C) tC^TEH]gB2 0 2f 

[0156] «/h57-4 0 2 £JBdG$n&«»IIJI 4 1 
6t, ^1512, 5 14<!:0gM®^l5 , >^<t§fc 
<& . 0 12 (CTK-Ti: 7 f-> ffc'hS 7-4 0 2 Offiiffi 

iti.7t, ^^^4 1 6 <D-&&TJ?izmmz&jf? 

-f^Dt!7a 7 H4 1 6 a^ifi!ct5u<!:t)'etl>. £ 
10 OV^^nt!757 K4 1 6 a^f^T5C(i, 013 
(A) - (C) OIi**Htntf«fc^. H0 
(A) iz^-r&olZ* »»l»4 1 6±tc¥EL&fS 1 «>ft 

fti4 3 0 ^^fi!cf5, f(Di^0ll«l4 3O 

±T&7T, 7— 4 0 2 ©(Mg&O&eiC, JBff 

#HCl2 <7>®MbM4 3 2 
[0 15 7] #Cfc, 1011, 12 0iM4 3 0,4 

32$lyf>^f5. CoTS^, 013 (B) \Z7jk 

^^i^oi i roifbi4 3 o ^icii^nfc 

20 fOWMOll ©8M4 3 0 WLt^ 

^©lfe^^4 i 6oMo*^xy?>ysn, -e©*§ 
^©^^^4 l 6^X7f>^$ti^^:i:l;/c!:5, 

[0 158] fit, 013 (C) K^-r<£5{C, ^<D 

m&izmftvxuzmitmzm&'tzzLt-c, wl^sl? 
-4 0 2 ©Mane. mmm4 i 6 ^r^^^nfcv< * 

Dt75yMl6a $Mt5:t^tt§. 
[0159] ffl, •207HU7M512, 514 
&C<£oTfflM^ 7-4 0 2 0iICIfijclitl6il4 1 

30 6 <D&m*®±-rz>lzte. 0 1 4t:^tJ;^(;, 

1111^ 5 0 O0G3B&5 0 2 J: O^di-rsm^^X h 
7/1 5 3 0 $^^t5CiT^)J;^. ffc/hS 
7-4 0 2 (Ditg&lgfljBtT&oTfc, ^©3S®fflS<D^iS 
1416, 11, 1207H1/71I512, 514t 

<Dmm**z < tnz> £t\z&^>x, ftmzftofik'bs. 

[0160] (i4^ss^j) ^tc, 1 1 nmm&itizm 
2mmm<D^t^mm^m^x, ^ni;^? ?-zm& 

-tZMffiMlZ-D^X* 0 1 5 -0 1 7 StiLTRWt 
40 5, 

[0161] 01511 lSa>ft3EW£B 7 0 0 

7"Dyi^'>3 > 7 > :/ 7 0 2^btti#t 
$nfeSft3ttt, 3>f>itl/>X7 0 4$^UT[sIte 
^77 7-7 ^ 7 0 6 C*3fc$n*. Z(D®&7&t! 7 
-7^J^ 7 0 6(J, R, G, BCDH^COfe7^ 
£*TS. 3>f>fl^>X7 0 4 cOJUftftBtCttLT 

oi^gco7t^7 ^ ;u^ — Srii^-fs. 

50 [ 0 1 6 2 3 lsl&j£;*7 7- y ^^ 7 0 6 0 TRj t 
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tgj , rsj v>y 4 zm&m&vfzyt\*. 

>+hU>X7 0 8, £tt^ 7-7 1 0M/\-7y>JX 

A7i2^i*ir, yt&m&mi o oizxtttzct 
mz^^x, tmvrzmwjfeiz'ft^T. x^r^i (*¥ 

S!*7fc£#<5 Ct^ttSo 

[0 163] A-7^'JXA7 12^ 

LTffT^tlTyoyx^ya >U>X7 1 4iCA#* 
:©ynyi^-/ 3 >1/>X7 1 4^^LTX^ 
U — > 7 1 6 ±lZXft*:&&2tlZC£lZf3LZ> 9 

[0 16 43 :CT, ^^M^CO^^li^g 7 0 0 

ttt^x* ytwmmmi* 3 {§£i±& 0 % u -> 7 1 

6 ±fz-h#£:9i5 $ £ fcHfc 5 £ ttfeSm 

20 

[0 16 5] l^fc, «/hS7-O«§a«U2 0/is 
e c '&m<Dm&<D 3 0msec \Z it ^Xfe& £ ft 

«Hfc«>, TRj % TGJ , TBJ l;«bT3«C0i 
£krt*)ls£&m£ hX^fz/ttb. &$fyJjfaX<D7 * 

[0166] ctuzttvx. *mmm<Dyt£ffigiW 7 0 
os/s^ntf, Bf 1 5 tc^-Tct o \z 1 a £9! 

r 7^ hmm*>m#>x®%£f3LZ>. 30 

[0 16 7] fcfc, C0^gl7 0 0 $, mi 6, 

0H©i^, isie^Tj 7-^>r 7 0 7 ti 

7 0 0 ©KfgC2 &S«««C»3e-r*»3t^UXA 7 1 

7^s$n§, — si 7o^^fcfi, 0^^:77^ 
-7>r 3 oo^^isi^© 7 0 0 comr 

8t3i^M*f:»itt4»*7*'JXA 7 1 8 «<tt^e 

ns* :ut, ^i^i7oo^, ^fn^2fi© 

< S*Efci®ifc£X^ U -> 7 1 6±fC«*-TSC<!:30*^r 
ft£<h ft*. 

[0168] (is 5 ai8it *nmm<?>yt& 
mm 7 2 o^$o^'j^>^7-o^f iiti^^ 

pgSKfcHT, Miil7 2 0 ©HS[OW 
a 7- 7 2 2(i, ^-tf3tffiC 7 2 43&^tti«'Sn* 1^- 
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[0 16 9] 0 1 8-Cfi, *fi9<oaS5fc:fi«-r-5«/h5 
7-7 2 2*«ON8i»Snfc««^$nT* 0, CO 
fc/hS 7-7 2 2 ©ON«»l5fCKl*£n*Klf3K<J!>ii 
fr#|6Jn&§k£tt. &3fc H7A 7 3 0^EI$nx^5, 

«o«/hS7-ttOFFBi-e*o, u— tf 

[0 17 0] m^t F7A 7 3 0 H, 0 1 9 (C^tJ: 5 

A730(DJ5Hk:Wt. m?t7>7 7 3 2 . gt&^B7 3 
4, ^1 7 3 6, ^'J-->^iI 7 3 8, 

i7 4o^nftiEi$nTi^<, s i 8 \z^-ryt^ 
n^i72o©#^(ois/iv$7-7 2 2 $, 
*>tzm\zmmizjtE&?z>t. T#>§t7t7 y-f 7 3 2 ct 
-^m^fc^m^nrc^Tt K7A7 3 0 <7m®^&te, 

&/Jn* 7- 7 2 2 {Cct 0£M£ftfc£#3fcK:*tn>T« 
ft*«*fei9. i*^*$n5. «3tH7A 7 3 0 O@ 
tefcJcO. it^§7 3 4Ci0i§Cht-Wf $ 

I^7 4 4l(;lR?$n§. C£>i2g*&#7 4 4 te, ^ 
»MI:S^f»tlfc^So-7 7 4 2 tcr^^^fr^n 

7 A 7 3 0 ±£^^5 h+ — ifi9 V-->?mW 7 3 

8 \z& r>®i&zn, it7>7 i 7 4 0(;j;0if $nt 

[0 17 1] C(D£olZ. **««tC<tntf, ftXfftt 
1 7 2 0 S«*(D*U^>57-^ffltlTffi^S: 
<h#T£, l^fe«^iI7 2 OltKf^^^pIig 

mmm&7 4 4±(cf2ifc-r<5C£a*T£s. 
[0172] (memmm) cnmemmmte* 

fc* iiS«7 5 0 ±Ktt, -ElcCD^^mJE^^b^n 
1*S C 1 2ffii<DSI»3-r^7 5 2 

- 1 - 7 5 2 - 1 2 ^^tt^n-So 
[0 17 3] C<D&mmWL7 5 0 ±c0^^fC«*HSS^I 
^Tfefi^I 7 6 o a«E»$nT^*. ^LT, #^CO 
R«n>f ;U 7 52-1-752-12 it, 7t^^^^ 7 
6 0 iZWUf^tlfz 6 (Sco^/Jn^ 7-«!:^n^ffiIf5 
^1. ^2 0)7 K E^/^-> 7 5 4 S^ 

[0 174] C<Dftjj-- PfribOftX'C y?-><>fm^$: 

il!7 5 0 fC^^^tlAc 1 2<lC0^^3-f ;i/7 5 2 - 
1- 7 5 2 - 1 2 t^n^tl^t^UT^A-f XfiOcD 1 2 

mommzi'C )v&mm£t\z> 9 ctuzmm'?z>£<£x& 

^(^^13^^ 7 5 2 - 1 - 7 5 2 - 1 2 CT^^mJE 
6<@cD^/Jn^ 7 — ^dS^SSSi^-tt, *:<nfc$m\Z3Lt) 
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[ 0 1 7 5 3 C<0«aew«fi 7 6 0 tt««>T/h 

MRU**** <5<7>T, #S^fflCD#- Kf*jK-t- 

[oi7 6] (m7mmm) c<om7 mmm\L 
\z&z>yt%tm%im7 8 o *&ytmmiz®.&&&, mytis 

[0 17 7] ^x/\ 7 7 0 ^mg^tl€)^x/\^fi^7 
7 2£*fr6jLT, ^<Dli^Cte&ft<Z)fc#<D:7tai 7 7 4 
*<IS:tt6nT^3o C©3tS7 7 4 t^xA«I^7 7 
2 chOFplfCte. ftiH7 7 4 f?f^<£> 
7X^/t^->t<!:lT, ^7xA 7 7 0 ±f:i/h^^-r 

j$£n£ft^il3£©7 8 0 ii, ^rH 7 7 4^6£>-*&<Z> 

fta*Al*<*n£{a:©tcieg£n, ^-^oNigffr 
^n^j&K. f0Stt^^-)iA 7 7 o <z>Rf?^(E>&atc 

[0 17 8] i^I(DM7 7 4 0^IH 

[0 17 9] *5£W<Dyt&m£im 7 8 0 tt, 9- 
[0180] CI CO J; O (C > #fgg!<0ftgHgB7 8 0 £ 

it, ^xi/\7 7 o±tc i Dit^^^^ia^-r^c^^ 
[0181] ^^g^^^^^^i^^M^, ±m<D&mm 

[0182] 

Mass?**. 

[02] 0 l fc^-r^Bfcffl^ Sft*«/hS ^-ott* 

[03] (A) (B) 
7 — CD$J®0-C&-5o 

[04] (a) - (i) tt^nfn, snc/Tt^^^ 

^IWi/'JH >«5^-*«<D»jt:7n-feX£aftlfl*r* 
[05] (A) - (G) (i, 0 1 lZ7sk-?yt%iffigim<Dtl 
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[06] 04 (i) ©»*s^is£K9i-r*fc«><D« 
[07] (a) «h i fc^-r**©#*HS«a< i ft© 
0, (b) ii^xA*^»«$nfc— txo^sew»H<o 

&B§&Si0-?£>5o 
[08] ^^BJ(7)^2^M^JfC^^^^P^@(^m^^ 

10 

[09] ^2^M^JtC^^^^^^g(D^^0T^^o 

[0i o] (a) - (h) ti^n-en, 08ic^-r^M 

<D m m 7 n -fe X € K ^ f 5 «E Bfc »f ffi 0 T * £ . 

[01 i] (a) <b) n^n^n, ^/h^7-0 

Actfo&S&IfcBj^T&S. 
[012] «/J%* 5-<©«^;:te«3nfcfei*l8l<OiBfiB 

20 [0i 3] (a) - (o te-en-en, 2i:^ty 

5. 

[014] #7*»m*S«Kffi*tt* hy/^K^tfc 
H 3 H 5S #J cd 96 ^ fll & * T BS 1% m 0 f * £ . 
[015] lM^ll^^ynyi^-^ 

*t* l tc m 4 nm&\ (Dm mmm 0 r $> z> . 

[016] 2gO«Plil^^ttTyDyx^^-€: 
Mtfcl4 *«m<0«»0l£^T*ll&IftEig-e**. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture method of the light modulation equipment characterized by providing the following, (a) 
Two or more minute mirrors arranged the shape of one line, and in the shape of a matrix. The torsion bar spring which 
connects the aforementioned minute mirror in ** on the other hand. The process which forms the conductive mirror 
substrate made from silicon which ****, and by which the reflecting layer was formed at least in one side of the 
aforementioned minute mirror, (b) The support section which it is in the crevice and the starting section of the 
circumference of a central field, and the aforementioned crevice, and the conductive layer was formed in each 
aforementioned minute mirror and the corresponding position, and was projected and formed from the aforementioned 
crevice in the one aforementioned direction in the position which corresponds between the aforementioned minute 
mirrors of two ****** with the electrode group which carries out the inclination drive of the aforementioned minute 
mirror by the Coulomb force. 

[Claim 2] The process which the aforementioned (a) process dopes an impurity in a silicon substrate, and forms a dope 
layer in a claim 1, The process which carries out patterning of the 2nd mask for forming the minute mirror and the 
aforementioned torsion bar spring of the aforementioned plurality for the 1st mask for fenestration at other whole 
surface to the whole surface of the aforementioned SHIRINKO substrate, respectively, The process which 
********** s aforementioned silicon substrate using the 1st mask of the above until the aforementioned dope layer 
is exposed, The process which ********** s the aforementioned dope layer using the 2nd mask of the above, The 
process which removes the above 1st and the 2nd mask and forms the aforementioned minute mirror and a torsion bar 
spring by the aforementioned dope layer, The manufacture method of the light modulation equipment characterized by 
having the process which forms the aforementioned reflecting layer in one side of the aforementioned minute mirror of 
the aforementioned dope layer, and forming the aforementioned mirror substrate made from silicon. 
[Claim 3] The claim 1 characterized by providing the following. The ends of the aforementioned torsion bar spring are 
connected, the aforementioned (a) process includes the process by which the frame surrounding the field where the 
aforementioned minute mirror is arranged is formed in the aforementioned mirror substrate made from silicon, and the 
aforementioned (c) process is the aforementioned frame of the aforementioned mirror substrate made from silicon, and 
the both ends of the aforementioned torsion bar spring. The process which separates the both ends of the 
aforementioned torsion bar spring from the aforementioned frame of the aforementioned mirror substrate made from 
silicon after the aforementioned (c) process including the process which joins the aforementioned starting section of 
the aforementioned electrode substrate. 

[Claim 4] The process which the aforementioned (a) process dopes an impurity in a silicon substrate, and forms a dope 
layer in a claim 3, The process which carries out patterning of the 2nd mask for forming the minute mirror and 
aforementioned torsion bar spring and the aforementioned frame of the aforementioned plurality for the 1st mask for 
fenestration at other whole surface to the whole surface of the aforementioned SHIRINKO substrate, respectively, The 
process which ********** s the aforementioned silicon substrate using the 1st mask of the above until the 
aforementioned dope layer is exposed, The process which ********** s the aforementioned dope layer using the 2nd 
mask of the above, The process which removes the above 1st and the 2nd mask and forms the aforementioned minute 
mirror, a torsion bar spring, and a frame by the aforementioned dope layer, The manufacture method of the light 
modulation equipment characterized by having the process which forms the aforementioned reflecting layer in one side 
of the aforementioned minute mirror of the aforementioned dope layer, and forming the aforementioned mirror 
substrate made from silicon. 

[Claim 5] The manufacture method of the light modulation equipment which equipped with two or more minute 
mirrors the shape of the shape of one line, and a matrix characterized by providing the following, (a) The crevice of a 
central field. The starting section of the circumference. The electrode group which it is [ group ] in the aforementioned 
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crevice, and a conductive layer is formed [ group ] in each aforementioned minute mirror and a corresponding position, 
and carries out the inclination drive of the aforementioned minute mirror by the Coulomb force. The support section 
projected and formed in the aforementioned crevice by Mukai on the other hand in the position which corresponds 
between the aforementioned minute mirrors of two ******. 

[Claim 6] As for the aforementioned (e) process, the ends of the aforementioned torsion bar spring are connected in a 
claim 5 The frame ioined to the aforementioned starting section in the position surrounding the field where the 
MM. mirror is arranged The manufacture method of the light modulation equipment characterized by 
establishing the process which separates the both ends of the aforementioned torsion bar spring from the 
afSeSoned frame of the aforementioned mirror substrate made from silicon after the aforementioned (e) process 
including the process formed in the aforementioned mirror substrate made from silicon. 
[Claim 7] It is the manufacture method of the light modulation equipment which the high impunty 
aforementioned dope layer is three or more 1x1018 atm/cm in a claim 4 or either of 6, and is characterize, by using the 
aforementioned dope layer as an etching stop layer at the time of etching of the aforementtoned sdicon substrate. 
[Claim 8] It is the manufacture method of the light-modulation equipment which is formed in the glass electrode 
ubstrate in which the aforementioned electrode substrate has light-transmission nature in a claim 5 or 6, observe* ^the 
Position of the pattern of the aforementioned electrode group from the aforementioned glass electrode subsh-ate side, 
and is characterized by the thing for etching of the aforementioned (e) process to do for mask pattern doubling 

[S] U^t^ZZZT^ light modulation equipment characterized by being ^^f^s 
electrode substrate in which the aforementioned electrode substrate contains alkali metal in a claim 1 or either of 8, and 
using an anode plate conjugation method as the aforementioned junction process. 
[Claim 10] The manufacture method of the light modulation equipment which carries out the mask of the 
corresponding position to the aforementioned starting section and the support section in a claim 9, and is characterized 
b *** F *****!* ing me glass pi a te containing alkali metal, resembling the process which forms the aforementioned 
crevice of the predetermined depth, and the process which forms the aforementioned electrode group in the base of the 
aforementioned crevice, and forming the aforementioned glass electrode substrate more. 

IClaim 1 11 The manufacture method of the light modulation equipment characterized by having further the process 
which inspects whether the aforementioned electrode group is formed in a transparent electrode, and foreign matter 
mixing is between the aforementioned glass electrode substrate and the aforementioned mirror substrate made from 
silicon in a claim 8 or either of 10 from the aforementioned glass electrode substrate side 

rClaim 121 The manufacture method of the light modulation equipment characterized by having further the process 
which forms an insulator layer in the field side where the aforementioned minute mirror counters with the 
aforementioned electrode group in a claim 1 or either of 1 1 . ^ ± a 

fclZ B] ^manufacture method of the light modulation equipment characterized by forming the aforementioned 
insulator layer formed in the aforementioned minute mirror, and the front face of the aforementioned electrode county 
which counters in a split face in a claim 12. . + ^i^ r ^ 

raaim Ml The manufacture method of the light modulation equipment which is on the aforementioned insulator layer 
and is characterized by having further the process which forms an insulating salient in the position distant from the 
aforementioned torsion bar spring in a claim 12. Jr * / 

rClaim 151 The manufacture method of the light modulation equipment characterized [ top panel / of the 
afoZent Led starting section and the aforementioned support section ] by having forth ^^^^c 
in low height, is formed and forms the insulating stopper which determines an angle of inclination in contact with the 
aforementioned minute mirror at the time of an inclination drive from the base of the aforementioned crevice of the 
aforementioned electrode substrate in a claim 12. . 
rClaim 161 The manufacture method of the light modulation equipment which covers the aforementioned mirror 
ubstrate made from silicon, and is characterized by having further the process which joins a transparent covering 
substrate to the aforementioned minute mirror by which an inclination drive is earned out on the aforementioned 
mirror substrate made from silicon in the position in which it does not interfere in a claim 1 or either of 1 5. 
Sm \7] The conductive mirror substrate made from silicon by which the impunty was doped, and an electrode 
uoTate ale joined and unified, the aforementioned mirror substrate made from silicon It is arranged the shape of one 
foie ml in the shape of a matrix, and has two or more minute mirrors by which the reflecting layer was formed in one 
s de md foe Torsion bar spring which connects the aforementioned minute mirror by Mukai on the other hand, the 
aforemen SS^trodc subSrate The crevice and the starting section of the circumference of a central field and the 
elecu-ode Cup Sit is [ group ] in the aforementioned crevice, is formed [ group ] in each aforementioned minute 
£1 md^sponding position, and carries out the inclination drive of the aforementioned minute minor by the 
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Coulomb force, The support section projected and formed in the aforementioned crevice in the one aforementioned 
direction in the position which corresponds between the aforementioned minute mirrors of two ******, Light 
modulation equipment characterized by ****(ing), and for the pars intermedia of the aforementioned torsion bar spring 
of the aforementioned mirror substrate made from silicon and the aforementioned support section of the 
aforementioned electrode substrate meeting at least, and joining the aforementioned mirror substrate made from 
silicon, and the aforementioned electrode substrate. 

[Claim 18] It is light modulation equipment characterized by being formed in the glass electrode substrate in which the 
aforementioned electrode substrate contains alkali metal in a claim 17, and carrying out anode plate junction of the 
aforementioned glass electrode substrate and the aforementioned mirror substrate made from silicon. 
[Claim 19] Light modulation equipment with which all the front faces of the reflecting layer formed on the 
aforementioned minute mirror are characterized by the thing in which an incident light is reflected with angle of 
reflection equal to an incident angle, and which is formed in respect of flat in a claim 17 or 18. 
[Claim 20] Light modulation equipment characterized by forming the aforementioned electrode group in the 
transparent electrode in a claim 1 7 or either of 1 9. 

[Claim 21] Light modulation equipment characterized by forming the insulator layer in the field side where the 
aforementioned minute mirror counters with the aforementioned electrode group in a claim 17 or either of 20. 
[Claim 22] Light modulation equipment characterized by forming the aforementioned insulator layer formed in the 
aforementioned minute mirror, and the front face of the aforementioned electrode group which counters in a split face 
in a claim 21. 

[Claim 23] Light modulation equipment characterized by preparing heights with a height of 200 A or more in the 
aforementioned front face of the aforementioned electrode group, and forming the aforementioned split face in a claim 
22. 

[Claim 24] Light modulation equipment which is on the aforementioned insulator layer and is characterized by forming 
the insulating salient in the position distant from the aforementioned torsion bar spring in a claim 21 . 
[Claim 25] Light modulation equipment characterized by having fiirther the insulating stopper which projects, is 
formed from the base of the aforementioned crevice of the aforementioned glass electrode substrate in a claim 21 in 
height lower than the top panel of the aforementioned starting section and the aforementioned support section, and 
determines an angle of inclination in contact with the aforementioned minute mirror at the time of an inclination drive. 
[Claim 26] Light modulation equipment which covers the aforementioned mirror substrate made from silicon, and is 
characterized by joining the transparent covering substrate to the aforementioned minute mirror by which an 
inclination drive is carried out on the aforementioned mirror substrate made from silicon in the position in which it 
does not interfere in a claim 1 7 or either of 25. 

[Claim 27] Electronic equipment characterized by having light modulation equipment according to claim 17 to 26. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to light modulation equipment equipped with the 

minute mirror, and its manufacture method. 

[0002] 

Background Art and Problem(s) to be Solved by the Invention] This kind of light modulation equipment is indicated by 
JP,4-230722,A, 5-188308, 5-196880, etc. Moreover, such improvement structures are indicated by the Nikkei micro 
device March, 1994 issue as DMD (Digital MicromirrorDevice). 

[0003] This DMD has the three-tiered structure which consists of the upper layer 800, an interlayer 810, and a lower 
layer 830, as shown in drawing 22 . 

[0004] The upper layer 800 has a mirror 802 and the mirror maintenance post 804 connected with the core inferior 
surface of tongue. A crevice 806 is formed in the mirror maintenance post 804 and the position which counters on the 
manufacture process of this mirror 802. 

[0005] The interlayer 810 is supported possible [ an inclination drive with the hinge 814 of both sides ] for the mirror 
maintenance board 812 connected with the mirror maintenance post 804. In order to secure the inclination drive space 
of this mirror maintenance board 812, the hinge 814 has the hinge maintenance post 816 on the inferior surface of 
tongue. 

[0006] It has the 1st and 2nd address electrode 818,820 on both sides whose hinges 814 this interlayer 810 pinched 
further, and is supported by the ****** [ it ] maintenance post 826. Furthermore, on the outside, it has the 1st mirror 
contact electrode 822 and the 2nd mirror contact electrode 824, and is supported by the electrode maintenance post 826 
on it, respectively. 

[0007] The lower layer 830 has four electrodes 832a-832d with which the electrode maintenance post 826 of the 1st 
and 2nd address electrode 818 and 820 is connected, and the common electrode 834 with which the 1st and the 2nd 
contact electrode 822 and 824 are connected. 

[0008] As this DMD is shown in drawin g 23 , bias voltage Va is impressed to the mirror 802 and the 1st, and 2nd 
mirror contact electrode 822,824. And by impressing minus voltage, for example to the 1st address electrode 818, and 
impressing plus voltage to the 2nd address electrode 820, a Coulomb force can act between a mirror 802 and the 1 st 
address electrode 818, and the inclination drive of the mirror 802 can be changed into the state of the alternate long and 
short dash line of d rawing 23 . By reversing the polarity of the voltage impressed to the 1st and 2nd address electrode 
818,820, as shown in the two-dot chain line of drawing 23 , an inclination drive can be carried out. 
[0009] And it considers as ON drive in which light is reflected towards a predetermined position in the inclination state 
of the mirror 802 shown in the alternate long and short dash line of drawing 23 , and is set [ that light was reflected in 
the different direction from a predetermined position ] to OFF in the inclination state shown in a two-dot chain line. 
And 256 gradation displays are possible by changing the switching time. 

[0010] It is surmised that DMD shown in drawin g 22 can be manufactured according to the manufacture process 
shown in drawin g 24 and drawin g 25 . Drawing 24 shows the process which forms an interlayer 810 on the lower layer 
830 formed beforehand, and drawing 25 shows the process which forms the upper layer 800 on the interlayer 810, and 
forms space between each class. 

[001 1] As shown in drawin g 24 , the substrate 840 in which SRAM was formed as a lower layer 830 is prepared. Next, 
a resist 842 is applied on this substrate 840, and the hinge maintenance post 816 and the electrode maintenance post 
826, and patterning that forms a corresponding pattern are performed at the process of this drawing (C) drawing 24 (B) 
So that it may be shown. 

[0012] Next, as shown in drawin g 24 (D), the vacuum evaporationo of the aluminum (aluminum) film 844 is carried 
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out to the front face and the trench section of a resist 842, and as further shown in this drawing (E), the aluminum 
oxide film 846 is formed in the front face. 

[0013] Furthermore, after the vacuum evaporationo of the aluminum film 848 shown in drawing 24 (F), as shown in 
this drawing (G), patterning of the resist 850 is applied and carried out. Then, as shown in drawing 24 (H), the mirror 
maintenance board 812, a hinge 814, and the hinge maintenance post 816 are formed by **********i n g the aluminum 
film 848. 

[0014] Next, the upper layer 800 is formed according to the process shown in drawing 25 . For this reason, as shown in 
drawing 25 (A), a resist 852 is applied thickly, and patterning is performed as shown in this drawing (B). Furthermore, 
after carrying out the vacuum evaporationo of the aluminum (aluminum) film 854 and forming the aluminum oxide 
film 856 in a part of the front face, a mirror 802 and the mirror maintenance post 804 are formed by removing the 
aluminum film 854 of an edge by etching (refer to drawing 26 (C) - (E)). 

[0015] Finally, as shown in drawing 25 (F), by removing resists 842 and 852, space is formed between the upper layer 
800 and an interlayer 810, and space is formed between an interlayer 810 and a lower layer 830. 
[0016] However, there is a problem that the high yield of DMD cannot be taken, in the above-mentioned process. One 
of the cause of the is because it was dependent on the thickness of the resist 852 in the resist process used as the factor 
which determines the degree of tilt angle of a mirror 802 which shows a setup of the distance between the undersurface 
of a mirror 802, and the mirror contact electrode 822,824 to dra wing 25 (A). 

[0017] usually, it is difficult to form this kind of resist by the spin coating method, and to even raise the homogeneity 
of resist thickness — furthermore, it becomes very difficult technology to set the thickness of a resist 852 as constant 
value by the spin coating method 

[0018] Moreover, it is difficult to secure even the homogeneity within a field of the resist film, furthermore it is almost 
so impossible that wafer area becomes large by the conventional spin coating method with the semiconductor wafer of 
diameter[ of a large quantity ]-izing to make thickness of a resist film into constant value. Therefore, it is difficult to 
form many elements from one semiconductor wafer simultaneously, and a throughput also falls. 
[0019] In the resist removal process shown in drawing 25 (F), other one of the above-mentioned problems is the lower 
part of a mirror 802 or a hinge 814, and it is that it is difficult to remove completely the resist of the field which 
extended far back with a bird clapper. If such a foreign matter remained, a mirror 802 and the address electrode 
818,820 will short-circuit, the variation rate of a mirror will be barred, or the mirror contact electrode 822,824 and the 
address electrode 818,820 will short-circuit. 

[0020] Other problems of DMD of the above-mentioned structure are that a crevice 806 will be formed in the central 
field of a mirror 802. In aluminum vacuum evaporationo process of drawing 25 (C), if the vacuum evaporationo of the 
aluminum is carried out to a trench portion, that this trench and the position which counters surely become depressed, 
originate in this, and a crevice 806 is generated cannot prevent. 

[0021] In DMD of this three-tiered structure, since a hinge 814 does not exist in a mirror 802 and a coplanar, the 
effective-area product of a mirror 802 increases and it is making for an optical utilization factor to increase into the 
effect. 

[0022] However, if a crevice 806 is formed in the center of the mirror 802 of this extensive area and such a crevice 806 
exists on an optical axis with strong optical intensity, an optical utilization factor will fall on the contrary by the 
scattered reflection. Or the problem that it will be inputted as information whose light reflected irregularly is other 
pixels, and quality of image deteriorates is also pointed out. Moreover, though the side attachment wall of a crevice 
806 is able to process it perpendicularly, an optical deployment area decreases. 

[0023] Then, place made into the purpose of this invention It is in offering light modulation equipment equipped with 
the minute mirror which can be manufactured in the high yield, and its manufacture method. 

[0024] Other purposes of this invention are to offer light modulation equipment equipped with the minute mirror which 
can perform exact light modulation control, and its manufacture method, without a scattered reflection arising on a 
minute mirror side. 
[0025] 

[Means for Solving the Problem] this invention method joins the conductive mirror substrate made from silicon and a 
conductive electrode substrate, and is manufacturing the light modulation equipment which has a minute mirror. Here, 
the ends of two or more minute mirrors arranged the shape of one line and in the shape of a matrix, the torsion bar 
spring which connects the aforementioned minute mirror in ** on the other hand, and the aforementioned torsion bar 
spring are connected, the conductive mirror substrate made from silicon has **, and the reflecting layer is formed in 
one side of the aforementioned minute mirror at least. 

[0026] It is in the crevice and the starting section of the circumference of a central field, and the aforementioned 
crevice, a conductive layer is formed in each aforementioned minute mirror and a corresponding position, and the 
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aforementioned electrode substrate has the electrode group which carries out the inclination drive of the 
aforementioned minute mirror by the Coulomb force, and the support section projected and formed from the 
aforementioned crevice in the one aforementioned direction in the position which corresponds between the 
aforementioned minute mirrors of two ******. 

[0027] The pars intermedia of the aforementioned torsion bar spring of the aforementioned mirror substrate made from 
silicon and the aforementioned support section of the aforementioned electrode substrate are made to meet at least at 
the process which joins the aforementioned mirror substrate made from silicon, and the aforementioned electrode 
substrate. 

[0028] If it carries out like this and the depth of the crevice beforehand formed in a glass electrode substrate will be 
formed with a sufficient precision, the deflection angle of a minute mirror can be correctly set up by lot-to-lot. 
Moreover, the reflecting layer formed in the front face of a minute mirror can also be made flat, and it can form in a 
field without a scattered reflection. 

[0029] In the case of the glass electrode substrate in which an electrode substrate contains alkali metal, such as Na, 
especially, both substrates are joinable with anode plate junction. If it carries out like this, since a glue line etc. will not 
be required between substrates, the deflection angle of a minute mirror can be set more as accuracy by lot-to-lot. 
[0030] In addition, not only anode plate junction but direct junction, eutectic bonding, etc. are sufficient as this 
junction method, and it mentions a detail later about each junction method. Moreover, as the quality of the material of 
an electrode substrate, when a junction process is performed under heating, it is desirable that silicon and a coefficient 
of thermal expansion are near. 

[003 1] The frame with which the both ends of a torsion bar spring were connected can also be formed in the 
aforementioned mirror substrate made from silicon. In this case, the both ends and frame of a torsion bar spring are 
joined to an electrode eccentric person's starting section. And the process which separates the both ends of a torsion bar 
spring from a frame after this junction is carried out. 

[0032] If it carries out like this, since the mutual physical relationship of two or more torsion bar springs is maintained 
by the frame, even if it does not position one at a time, it maintains mutual physical relationship and can join it to an 
electrode substrate. 

[0033] The aforementioned (a) process which manufactures the mirror substrate made from silicon here The 1st mask 
for aperture formation on the process which dopes an impurity and forms a dope layer into a silicon substrate, and the 
whole surface of the aforementioned silicon substrate The process which carries out patterning of the 2nd mask for 
forming the minute mirror and the aforementioned torsion bar spring of the aforementioned plurality in other whole 
surface, respectively, The process which ********** s the aforementioned silicon substrate using the 1st mask of the 
above until the aforementioned dope layer is exposed, The process which ********** s the aforementioned dope layer 
using the 2nd mask of the above, The above 1st and the 2nd mask are removed, and the process which forms the 
aforementioned minute mirror and a torsion bar spring by the aforementioned dope layer, and the process which forms 
the aforementioned reflecting layer in one side of the aforementioned minute mirror of the aforementioned dope layer 
can be had and carried out. 

[0034] According to other modes of this invention method, junction to an electrode substrate is carried out in the state 
of the silicon substrate before the mirror substrate made from silicon is completed. 

[0035] It is in the crevice and the starting section of the circumference of a central field, and the aforementioned 
crevice, a conductive layer is formed in each aforementioned minute mirror and a corresponding position, and an 
electrode substrate has the electrode group which carries out the inclination drive of the aforementioned minute mirror 
by the Coulomb force, and the support section projected and formed from the crevice by Mukai on the other hand in 
the position which corresponds between the aforementioned minute mirrors of two ******. 

[0036] The silicon substrate which has the dope layer in which the impurity was doped by one side is joined to this. At 
this time, the support section of the aforementioned electrode substrate is made to meet the aforementioned dope layer 
at least, and it joins. 

[0037] At this process, since it is before a minute mirror etc. is formed, the alignment at the time of junction becomes 
easy. 

[0038] Then, it leaves only a dope layer, and it ********** Sj a silicon substrate is removed, and a reflecting layer is 
formed in the front face of the dope layer. 

[0039] Then, the etching process of a dope layer is carried out. At this time, two or more aforementioned minute 
mirrors are formed in the aforementioned electrode group and the position which counters. Moreover, the torsion bar 
spring which connected the aforementioned minute mirror by Mukai on the other hand, and was joined to the 
aforementioned support section between the aforementioned minute mirrors of two ****** in this one direction is 
formed. 



Page 4 of 16 



[0040] If physical relationship with thfe electrode county beforehand formed in the electrode substrate at the time of 
patterning for this etching process is taken into consideration, a minute mirror can be formed with high degree of 
accuracy with the precision of a phot lithography processes. 

[0041] By this method, since a minute mirror etc. can moreover be formed after junction, the substrate alignment at the 
time of junction is easy, and it is high-density, and when arranging a minute mirror, it is suitable. 
[0042] In addition, an anode plate conjugation method can be adopted also in the above-mentioned method, and a 
frame may be formed in the mirror substrate made from silicon. 

[0043] the case where it is high-density and a minute mirror is arranged - an electrode substrate « a transparent glass 
substrate ~ carrying out ~ the position of the pattern of the glass electrode substrate side to the aforementioned 
electrode group - observing — criteria [ position / putter / the ] ~ carrying out - the mask pattern doubling operation 
for etching of the aforementioned electrode substrate made from silicon - to carry out is good 

[0044] In above-mentioned all directions method invention, if high impurity concentration of the aforementioned dope 
layer is made into three or more 1x1018 atm/cm, the aforementioned dope layer can be used as an etching stop layer at 
the time of etching of the aforementioned silicon substrate. 

[0045] Moreover, it is good to have the process which carries out the mask of the corresponding position to the 
aforementioned starting section and the support section as a process which forms the aforementioned glass electrode 
substrate, ********** s the glass plate containing alkali metal, and forms the aforementioned crevice of the 
predetermined depth, and the process which forms the aforementioned electrode group in the base of the 
aforementioned crevice. In this case, it is made dependent on the conditions of etching and the depth of the crevice 
which influences the deflection angle of a minute mirror can be formed. 

[0046] It can have further the process which inspects whether the aforementioned electrode group is formed by the 
transparent electrode (indium teens oxide), for example, ITO, and foreign matter mixing is between the aforementioned 
glass electrode substrates and the aforementioned mirror substrates made from silicon which are joined from the 
aforementioned glass electrode substrate side. If it carries out before joining this inspection, even if the yield will 
improve and it will carry out after junction, the poor cause of foreign matter mixing becomes clear easily. 
[0047] It can have further the process which covers the aforementioned mirror substrate made from silicon, and joins a 
transparent covering substrate to the minute mirror by which an inclination drive is carried out on the aforementioned 
mirror substrate made from silicon in the position in which it does not interfere. 

[0048] By this transparent covering substrate, mixing of the foreign matter which bars the inclination drive of a minute 
mirror is prevented, and an element can be protected. 

[0049] The conductive mirror substrate made from silicon by which the impurity was doped, and an electrode substrate 
are joined, and this invention equipment is unified, the aforementioned mirror substrate made from silicon It is 
arranged the shape of one line, and in the shape of a matrix, and has two or more minute mirrors by which the 
reflecting layer was formed in one side, and the torsion bar spring which connects the aforementioned minute mirror by 
Mukai on the other hand, the aforementioned electrode substrate The crevice and the starting section of the 
circumference of a central field, and the electrode group which it is [ group ] in the aforementioned crevice, is formed 
[ group ] in each aforementioned minute mirror and a corresponding position, and carries out the inclination drive of 
the aforementioned minute mirror by the Coulomb force, The support section projected and formed from the crevice in 
the one aforementioned direction in the position which corresponds between the aforementioned minute mirrors of two 

It is characterized by ****(ing), and for the pars intermedia of the aforementioned torsion bar spring of the 
aforementioned mirror substrate made from silicon and the aforementioned support section of the aforementioned 
electrode substrate meeting at least, and joining the aforementioned mirror substrate made from silicon, and the 
aforementioned electrode substrate. This junction is also performed by anode plate junction, direct junction, or eutectic 
bonding. 

[0050] Here, all the front faces of the reflecting layer formed on the aforementioned minute mirror are formed in a flat 

side. Thereby, an incident light can be reflected with angle of reflection equal to an incident angle. 

[0051] As for the aforementioned electrode group, it is desirable to be formed by the transparent electrode (indium 

teens oxide), for example, ITO. It is because it sees through from a glass electrode substrate and the poor cause of 

foreign matter mixing between an electrode county and a minute mirror becomes clear easily. 

[0052] It is good for the aforementioned minute mirror to form an insulator layer in the aforementioned electrode 

group and field side where it counters. If it carries out like this, even if there is mixing of a foreign matter, the serious 

state of saying that it is short between a minute mirror and an electrode county is avoidable. 

[0053] It is still better to form the front face of the aforementioned insulator layer formed in the aforementioned minute 
mirror and the aforementioned electrode group which counters in a split face. The touch area of an insulator layer and 
an electrode group decreases, and the ball up to the electrode group of the minute mirror resulting from electrification 
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of an insulator layer can be prevented; 

[0054] It is desirable that heights with a height of 200A or more are prepared in the aforementioned front face of the 
aforementioned electrode group, and the aforementioned split face forms. Thereby, the surface roughness which can 
prevent the ball up of a minute mirror and an electrode group is securable. In addition, the upper limit of the height of 
these heights is G/3 or less, when a gap a minute mirror in case a minute mirror is in a state parallel to an electrode 
group, and electrode between groups is set to G. Thereby, the deflection angle of the minute mirror needed on a 
function is secured at worst. 

[0055] In order to prevent the ball up of this minute mirror, it is on the aforementioned insulator layer and an insulating 
salient may be formed in the position distant from the aforementioned torsion bar spring. 
[0056] As a cure of further others which prevents the ball up of this minute mirror, from the base of the 
aforementioned crevice of the aforementioned glass electrode substrate, it is projected and formed in height lower than 
the top panel of the aforementioned starting section and the aforementioned support section, and the insulating stopper 
which determines an angle of inclination in contact with the aforementioned minute mirror at the time of an inclination 
drive can also be formed. 

[0057] Various electronic equipment can be constituted using the light modulation equipment of this invention. 
[0058] For example, the light by which outgoing radiation was carried out from the projection lamp and the 
aforementioned projection lamp is reflected, respectively by the inclination drive of two or more minute mirrors 
arranged for every pixel, the light modulation equipment made into the reflected light modulated for every pixel and 
the projection lens which turns the reflected light from the aforementioned light modulation equipment to a screen, and 
carries out expansion projection are resembled, and a projector can be constituted more. 

[0059] Or the photo conductor with which a latent image is formed and the laser beam from a laser light source The 
light modulation equipment which is reflected one by one by the inclination drive of two or more minute mirrors 
arranged in the shape of an array, turns and carries out outgoing radiation of the reflected light modulated while 
scanning to Mukai on the other hand to the aforementioned photo conductor, and forms the aforementioned latent 
image, The developer which develops the latent image formed in the aforementioned photo conductor, and the imprint 
equipment which imprints the development on the aforementioned photo conductor on a record medium are resembled, 
and electrophotography equipment can be constituted more. 

[0060] Furthermore, induced voltage has the circuit pattern which connects the electrode group of two or more 
induction coils set up arbitrarily, light modulation equipment, and the each aforementioned induction coil and the 
aforementioned light modulation equipment, can carry out the inclination drive of two or more aforementioned minute 
mirrors based on the induced voltage produced with each aforementioned induction coil, respectively, and can 
constitute the optical-switch equipment which generates a desired lightwave signal by the reflected light in the 
aforementioned minute mirror. 

[0061] Furthermore, outgoing radiation of the light from the source of exposure is carried out to the exposed body 
through a mask, the light from the aforementioned source of exposure is reflected by each minute mirror in the aligner 
which exposes the aforementioned exposed body, and the light modulation equipment which carries out outgoing 
radiation of the modulated light to the aforementioned exposed body may be formed. 

[0062] If it carries out like this, ID information, such as a lot number, is recordable on the exposed bodies, such as a 

semiconductor wafer, using an exposure process. 

[0063] 

[Embodiments of the Invention] The example of the light modulation equipment hereafter equipped with the minute 
mirror concerning this invention and its manufacture method is explained with reference to a drawing. 
[0064] (The 1st example) 

The structure explanatory drawing 1 of light modulation equipment is an assembly decomposition perspective diagram 
showing the main components of the light modulation equipment concerning the 1st example. In this drawing, this 
light modulation equipment is divided roughly and consists of a mirror substrate 100 made from silicon, a glass 
electrode substrate 200, and a cover glass substrate 300. 

[0065] The mirror substrate 100 made from silicon has two or more minute mirrors 102 arranged on the matrix. The 
minute mirror 102 arranged along with Mukai of X, for example, the direction of drawing 1 , among two or more of 
these minute mirrors 102 on the other hand is connected by the torsion bar spring 104. Furthermore, the field where 
two or more minute mirrors 102 are arranged is surrounded, and the frame 106 is formed. This frame 106 is connected 
with the ends of two or more torsion bar springs 104. 

[0066] The slit 108 is formed in the circumference of a joining segment with a torsion bar spring 104 so that this 
minute mirror 102 may be expanded to drawin g 2 and may be shown. By forming this slit 108, the inclination drive of 
the minute mirror 102 to the direction of an arrow shown in draw ing 2 is made easy. Furthermore, reflecting layer 102a 
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is formed in the front face of the minute mirror 102. And the reflective direction of the light which carries out 
incidence to this minute mirror 102 by the inclination drive of the minute mirror 102 being carried out by the drive 
mentioned later changes. And it is made to modulate light by controlling the time in which light is reflected towards 
the predetermined reflective direction. 

[0067] In addition, the various sizes of the minute mirror 102 shown in drawin g 2 and drawin g 3 (A), and (B) and a 

torsion bar spring 104 are as follows. 

[0068] 

The minimum value Maximum Mirror width of face Wl lOmicro lOOmicro Mirror length LI lOmicro lOOmicro 
Mirror thickness Tl 1 micro Smicro Torsion-bar-spring width of face W2 1 micro Smicro Torsion-bar-spring thickness 
T2 0.5micro Smicro Torsion-bar-spring length L2 Smicro 20micro Crevice depth H O.Smicro 20micro Deflection angle 
theta The glass electrode substrate 200 shown in **5 ** **20-degree drawing 1 has a crevice 202 to a central field, is 
started to the circumference and has the section 204. One side of the starting section 204 cuts and lacks, and is made 
into electrode output port 206, and electrode extraction Itabe 208 who follows a crevice 202 is formed in the outside of 
this electrode output port 206. 

[0069] It is projected and formed in the crevice 202 of this glass electrode substrate 200 from a crevice 202 in the 
torsion bar spring 104 between two minute mirrors 202 which adjoin each other in the direction of X, and the position 
which counters, and has the support section 210 of a large number which have the same height as the top panel of the 
starting section 204. 

[0070] Furthermore, the circuit pattern section 212 is formed on the crevice 202 of the glass electrode substrate 200, 
and electrode extraction Itabe 208. This circuit pattern section 212 has the 1st and 2nd address electrode 214,216, 
respectively in the rear face of the minute mirror 102 of the both sides whose torsion bar springs 104 were pinched, and 
the position which counters, as shown in drawing 2 . And common connection of the 1st address electrode 214 
arranged along the direction of Y is made at the 1st common wiring 218. Similarly, common connection of the 2nd 
address electrode 216 arranged along the direction of Y is made at the 2nd common wiring 220. 
[0071] On the glass electrode substrate 200 which has the above-mentioned structure, as it is shown in drawin g_l , 
anode plate junction of the mirror substrate 100 made from silicon is carried out. At this time, the both ends of the 
torsion bar spring 104 of the mirror substrate 100 made from silicon and a frame 106, and the starting section 204 of 
the glass electrode substrate 200 are joined. Furthermore, anode plate junction of the pars intermedia of the torsion bar 
spring 104 of the mirror substrate 100 made from silicon and the support section 210 of the glass electrode substrate 
200 is carried out. Furthermore, the cover glass substrate 300 is joined on the frame 106 of the mirror substrate 100 
made from silicon after that. And the dicing of the both ends of each torsion bar spring 104 connected with the frame 
106 is carried out in the position separated from a frame 106. Furthermore, closure sealing of the periphery section 
which contains in the starting section 204 of the glass electrode substrate 200 the electrode output port 206 by which 
notching formation was carried out is carried out with a sealing agent, and the light modulation equipment concerning 
the 1st example is completed. Here, if the interior of light modulation equipment is made into a vacuum by various 
methods, there will be little resistance at the time of the drive of a minute mirror, and the rapidity of response operation 
and the fall of power consumption will be achieved at it. 

[0072] In the case of ON inclination drive of the explanation minute mirror 102 of a light modulation drive principle, it 
energizes simultaneously through a torsion bar spring 104 to two or more minute mirrors 102 arranged along the 
direction of X shown in drawin g 1 . the 1st and 2nd address electrode 214 and 216 shown in this, simultaneously 
drawing 1 on the other hand - a lot - carrying out - a dot order ~ ON inclination drive of the minute mirror 1 02 
arranged in the shape of a matrix by driving, turning the torsion bar spring 104 energized in the direction of Y of 
drawin g 1 , and choosing it one by one by the degree or line sequential can be carried out in a predetermined cycle 
[0073] What is necessary is on the other hand, just to make contrary to the time of ON inclination drive polarity of the 
voltage which joins the 1st and 2nd address electrode 214,216, in order to carry out the OFF inclination drive of the 
minute mirror 102. Thereby, the inclination drive of the minute mirror 102 is carried out in the direction contrary to the 
time of ON inclination drive. 

[0074] The manufacture method of the light modulation equipment concerning the 1st example of explanation of the 
manufacture method of light modulation equipment is explained with reference to drawing 4 and drawing 5 . First, the 
manufacture process of the mirror substrate 100 made from silicon is explained. 

[0075] (I) ****** of the silicon substrate which has the manufacture process (1) dope layer of the mirror substrate 100 
made from silicon forms the dope layer 112 shown in drawing 4 (B) in one side of the silicon substrate 110 shown in 
drawing 4 (A) at this process. For this reason, for example, boron dope material is applied by the spin coating method 
on a silicon substrate 110. that by which this boron dope material mixed B-2 03 into the organic solvent - it is - for 
example, Tokyo - PBF of Adaptation can be used At this time, the thickness of boron dope material can be adjusted 
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depending on the viscosity of the spinrotation conditions of a silicon substrate 1 10, and boron dope material. 
[0076] At this example, viscosity of boron dope material was able to be set to 50-100cp, and the thickness of boron 
dope material was able to be changed in 0.5-5.0 micrometers by changing spin rotation conditions. 
[0077] It is good to heat for 20 - 40 minutes at 100-180 degrees C with a heating furnace, and to evaporate the solvent 
in boron dope material after spin coating of this boron dope material. At this example, BEKU during 30 minutes was 
performed at 140 degrees C. Furthermore, it calcinates at a 400-800-degree C oxygen atmosphere furnace for 1 to 2 
hours, and a binder is removed. At this example, baking of 1 hour was performed at 600 degrees C. As for a 
subsequent thermal diffusion process, thermal diffusion is performed [ in nitrogen-gas-atmosphere mind ] over 10 
hours from 4 hours at 800-1200 degrees C. At this example, the thermal diffusion process was carried out at 1 100 
degrees C for 6 hours. 

[0078] Consequently, thermal diffusion of the boron in boron dope material (B) was carried out to the interior of a 
silicon substrate 1 10, and it was able to form in the undersurface of a silicon substrate 1 10 the boron dope layer 1 12 
shown in drawi ng 4 (B). The 2-3 -micrometer boron dope layer 1 12 was able to be formed by being able to adjust the 
thickness of the boron dope layer 1 12 and performing thermal diffusion processing over 6 hours by the temperature 
and the processing time in this thermal diffusion process, at this example at 1000 degrees C. 
[0079] As for the boron concentration in the boron dope 1 12, at this time, it is desirable that they are three or more 
1x1018 atm/cm preferably. If it carries out like this, in the etching process of a silicon substrate 1 10 mentioned later, 
this boron dope layer 1 12 can be operated as an etching stop layer. 

[0080] In order to form a boron dope layer, a boron diffusion board method is also employable. At this time, the boron 
plus board (tradename) for example, by the TEKUNE glass company is made to counter, and the field which wants to 
carry out the boron dope of the silicon substrate is arranged. As for the interval between both, it is still more preferably 
good to be referred to as 2.0-3. 0mm 0.5-4.0mm. having maintained this opposite arrangement relation - a heating 
furnace - 800-1200 degrees C, for example, 1 100 degrees C, - the nitrogen flow rate of 3-81. / min, for example, 61. / 
min, ~ 1 :00 - 6 hours - for example, you may carry out a thermal diffusion process over 2 hours 
[0081] As a method of further others, you may adopt ion-implantation. The acceleration energy at this time is 20- 
50keV, and optimum values are 35keV(s). Moreover, 2x1018 to 8x1018 pieces are suitable for the dose which shows 
the number of acceleration electrons, and they are 4x1018 pieces desirably. Furthermore, 1.5-4.5mA is suitable for the 
beam current, and it is 3.0mA desirably. When ion implantation was performed on these conditions, the 0.5-4- 
micrometer boron dope layer has been formed. 

[0082] (2) Carry in to a thermal oxidation furnace a thermal oxidation process, next the silicon substrate 1 10 in which 
the boron dope layer 1 1 2 was formed, and as shown in drawing 4 (C), form the thermal oxidation film 1 14 in the 
circumference of this silicon substrate 1 10. At this example, the thermal oxidation film 1 14 with a thickness of 1 
micrometer was formed by performing thermal oxidation processing over 4 hours at the temperature of 1000 degrees C 
in a wet oxidation style. At this time, the boron dope layer 1 12 is also oxidized thermally and the thermal oxidation 
film 1 14 is formed also in the front face. 

[0083] (3) By carrying out a phot lithography processes for a patterning process, next the silicon substrate 110 which 
has the thermal oxidation film 1 14, as shown in drawing 4 (D), patterning was performed. Patterning of the 1st mask 
1 16 for forming an aperture in a central field was carried out to the front- face side of a silicon substrate 1 10 as shown 
in this drawing. The undersurface which has the boron dope layer 1 12 of a silicon substrate 110 carried out patterning 
of the 2nd mask 1 18 for forming the minute mirror 102 shown in drawing 1 -3, a torsion bar spring 104, a frame 106, a 
slit 108, etc. For this patterning, resist application, exposure, and development were performed at the front face and 
rear face of the thermal oxidation film 1 14, respectively. The thermal oxidation film (silicon-oxide film) 1 14 of a 
predetermined field was removed after the development process using the buffer fluoric acid solution. A patterning 
process is completed by performing resist exfoliation after that. This resist exfoliation can heat and use the mixed 
liquor of a sulfiiric acid and hydrogen peroxide solution at 80 degrees C. 

[0084] (4) As shown in the etching process, next draw ing 4 (E) of a silicon substrate 110, the 1st mask 116 formed in 
the upper surface side of a silicon substrate 1 10 was used, it ********** ed and the silicon substrate 1 10 was removed. 
This etching process carried out wet etching of the silicon substrate 1 10 using the KOH solution of 1 - 40% of the 
weight of concentration. The concentration of KOH solution has the optimal 10-% of the weight order. The reaction of 
this etching process is performed according to the following reaction formula. 
[0085] 

Si+2 KOH+H2 0->K2Si03+2H2 - here, if the crystal-face direction of surface 1 10a of a silicon substrate 110 is set to 
(100) as shown in drawing 4 (E), side-attachment-wall 1 10b formed of etching will become an inclination wall with the 
angle of 55 degrees C On the other hand, if the crystal-face direction of surface 1 10a is set to (1 10), side-attachment- 
wall 1 10b is made with an almost perpendicular wall, and can realize high etching of an anisotropy. Larger area can be 
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made into the field in which light modulation is possible if it carries out like this. 

[0086] The etching end point detector in this case can observe the hydrogen air bubbles produced by the reaction of a 
silicon substrate 110, and can make a terminal point the time of hydrogen air bubbles being lost. Or this boron dope 
layer 1 12 can be operated as an etching stop layer by making high impurity concentration of the boron dope layer 1 12 
into three or more 1x1018 atm/cm. 

[0087] In addition, as an etching reagent used at this process, TMAH (tetramethyl ammonium hydroxide) solution, 
EPD (ethylenediamine-pyrocatechol-diazine) solution, or hydrazine solution can be used except KOH solution. 
[0088] (5) As shown in the etching process, next drawin g 4 (F) of the boron dope layer 1 12, use the 2nd mask 118 
formed in the undersurface of the thermal oxidation film 1 14, and carry out dry etching of the boron dope layer 112. 
[0089] As for this dry etching, it is desirable to use RIE (reactive ion etching) to which the etch rate was quickly 
suitable for mass production. At this time, as a raw gas, 30-60sccm introduction of 30 - 60sccm and 02 was carried out 
for CF4, and the power of a 13.56MHz RF generator was set as 600W as 400-800W, especially an optimal ground. 
Chamber internal pressure is 0.05 - 0.30Torr preferably, and 0.15Torr(s) which are optimum values were used for it by 
this example. At this example, the etching time for 15 - 30 minutes was taken to ********** a 2-micrometer boron 
dope layer. 

[0090] The minute mirror 102 which shows this boron dope layer 1 12 to drawing 1 -3 by carrying out dry etching, a 
torsion bar spring 104, a frame 106, and a slit 108 are formed, respectively. 

[0091] (6) Like ****** of the thermal oxidation film 1 14, this thermal oxidation film 114 exfoliates, after being used 
as etching-proof mask material of the process of (5). As a method of making it exfoliate, as (3) patterning processes 
explained, a buffer fluoric acid solution can be used, for example. Moreover, you may use about 10% of rare fluoric 
acid solution. According to the example of this process, as shown in drawing 4 (G), the state where the minute mirror 
102, the torsion bar spring 104, etc. were supported by the frame 106 formed in the boron dope layer 112 can be 
acquired. 

[0092] (7) Carry out the vacuum evaporationo of the reflecting layer 102a which becomes the front face of the minute 
mirror 102 formed in the vacuum evaporationo process, next the boron dope layer 1 12 of reflecting layer 102a from 
aluminum (aluminum) by the thickness of 0.2-2 micrometers. If the thickness of reflecting layer 102a exceeds an upper 
limit, the moment of inertia of the minute mirror 102 becomes large, the speed of response at the time of a drive will 
become slow, or the driver voltage at the time of carrying out an inclination drive will become high. If less than the 
minimum of the above-mentioned thickness range, it will become difficult to form reflecting layer 102a by uniform 
thickness all over the boron dope layer 112. 

[0093] Although portions 104 other than the front face of the minute mirror 102, i.e., a torsion bar spring, may be 

masked at this time so that aluminum may not adhere, you may form reflecting layer 102a also on a torsion bar spring 

104 like this example. Since the top panel of the silicon substrate 110 which remains on the front face of a frame 106 is 

a field by which anode plate junction is carried out after that with the glass electrode substrate 200, it is important for it 

to mask so that the foreign matter which bars anode plate junction may not adhere to this portion. 

[0094] In addition, silver (Ag) can also be used that what is necessary is just what can reflect the light efficiently as the 

quality of the material of reflecting layer 102a. Moreover, what [ not only ] not necessarily uses the vacuum 

evaporationo method but a spatter can also be used for the formation process of reflecting layer 102a. 

[0095] At the formation process of this reflecting layer 102a, since the boron dope layer 1 12 which is the ground 

material is flat, reflecting layer 102a formed on it can also be formed evenly. When the light by which incidence is 

carried out to reflecting layer 102a can be reflected with angle of reflection equal to the incident angle by this and 

display is constituted using this light modulation equipment, it becomes possible to raise contrast. 

[0096] By operation of each above process, the mirror substrate 100 made from silicon shown in drawing 1 -3 is 

completed. Then, as shown in drawing 4 (I), junction of the mirror substrate 100 made from silicon, the glass electrode 

substrate 200, and the cover glass substrate 300 will be performed. Before explaining this junction process, with 

reference to drawing 5 , the manufacture process of the glass electrode substrate 200 is explained. 

[0097] (II) As shown in manufacture process drawing 5 (A) of the glass electrode substrate 200, in order to perform 

anode plate junction mentioned later, the glass substrate containing alkali metal (Na), for example, sodium, is used for 

the glass substrate 230 used as the base of the glass electrode substrate 200. As this kind of a glass substrate 230, 

HOUKEI acid sodium glass can be used, for example, the Pyrex glass (tradename) by Corning, Inc. can be used. If it 

takes into consideration that silicon and a coefficient of thermal expansion are almost equal in order to heat a glass 

substrate 230 especially at the time of anode plate junction, Corning #7740 (tradename) is the optimal. 

[0098] Hereafter, the manufacture process of the glass electrode substrate 200 using this glass substrate 230 is 

explained. 

[0099] (1) By carrying out the resist application of a up to [ the patterning process glass substrate 230 of crevice 202 
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grade ] 5 exposure, and a development process, as shown in drawing 5 (B), form the resist pattern section 232 in the 
front face of a glass substrate 230. The resist pattern section 232 is formed in the considerable part of the standup 
section 204 and the support section 210. 

[0100] (2) Etching ** for formation of crevice 202 grade carries out wet etching of the glass substrate 230 by using this 
resist pattern section 232 as a mask using fluoric acid solution. Thereby, others and electrode output port 206 and 
electrode extraction Itabe 208 are also formed simultaneously. [ crevice / which is shown in d rawin g 5 (C) / 202 ] The 
depth of this crevice 202 can be adjusted by changing etching conditions, such as the processing time and temperature. 
[0101] Since it is an important element which determines the deflection angle of the minute mirror 102, the depth of 
this crevice 202 adjusts the above-mentioned etching conditions, is lot-to-lot and needs to form the crevice 202 of the 
equal depth. 

[0102] (3) it was formed in the glass substrate 230, as this resist exfoliation was able to be performed by using the 
mixed liquor of sulfuric- acid + hydrogen peroxide solution like resist ****** and this showed drawin g 5 (D) — it can 
rise and the resist pattern section 232 can be made to exfoliate from the top panel of the section 204 
[0103] (4) In order to form this circuit pattern section 212 on a crevice 202 and electrode extraction Itabe 208, ****** 
of the circuit pattern section 212 first forms the electrode layer 234 which makes the transparent electrode represented 
with aluminum (aluminum), silver (Ag), gold (Au), or ITO the quality of the material all over a glass substrate 230, as 
shown in drawing 5 (E). This electrode layer 234 can be formed by the vacuum deposition, the spatter, or the ion 
plating method. Then, the resist pattern section 236 is formed by carrying out a phot lithography processes on this 
electrode layer 234 (refer to drawing 5 (F)). Then, this resist pattern section 236 is used as a mask, and an electrode 
layer 234 is ********** e d. This etching can be carried out by wet etching. 

[0104] Then, as shown in drawing 5 (G), the glass electrode substrate 200 completes the resist pattern section 236 on 
the circuit pattern section 212 by exfoliating. The ablation material used at this time is suitably chosen by the quality of 
the material of an electrode layer 234. The quality of the material of an electrode layer 234 can also be set to ITO. In 
this case, since the ITO itself dissolves and the ablation liquid which consists of mixed liquor of sulfuric-acid + 
hydrogen peroxide solution cannot be used instead, the ablation liquid of an organic-solvent system can be used for it. 
[0105] (III) As shown in anode plate junction drawing 6 of the mirror substrate 100 made from silicon, and the glass 
electrode substrate 200, the glass electrode substrate 200 is laid on the hot plate 310 carried on the alignment 
mechanism 314, and the mirror substrate 100 made from silicon is laid on it. At this time, the 1st and 2nd address 
electrode 214,216 formed in the glass electrode substrate 200 and the minute mirror 102 formed in the mirror substrate 
100 made from silicon carry out alignment to the position which counters, respectively. This alignment is performed by 
moving the glass electrode substrate 200 at a 2-dimensional flat surface according to the alignment mechanism 314, 
observing under a microscope 316 from the upper part. 

[0106] Moreover, in the case of anode plate junction, if foreign matters, such as dust, are mixing between substrates 
100,200, the minute mirror 102 and the circuit pattern section 212 will short-circuit, and it will become a defective. 
Then, before joining both the substrates 100,200, it is important to conduct inspection which checks the existence of 
foreign matter mixing. Before this inspection piled up both the substrates 100,200, while being able to conduct it, when 
the circuit pattern section 212 is formed by the transparent electrode, for example, ITO, even if it piles up both 
substrates, it can be conducted by observing under a microscope from the glass electrode substrate 200 bottom. 
[0107] Then, the mirror substrate 100 made from silicon and the glass electrode substrate 200 are connected to DC 
power supply 312. The mirror substrate 100 made from silicon is connected to the plus terminal of a power supply 312, 
and the glass electrode substrate 200 is connected to the minus terminal of a power supply 312, respectively. And with 
a hot plate 310, the glass electrode substrate 200 is heated at 250-450 degrees C, for example, 350 degrees C, and the 
electrode of 300-1000V, 600V [ for example, ], is impressed for 2 - 3 minutes from a power supply 312. 
[0108] If it does so, it will become easy to move Na in the glass electrode substrate 200 (plus) by being heated by the 
hot plate 310. By movement of this Na (plus), the plane of composition of the glass electrode substrate 200 is charged 
in minus, and the plane of composition of the mirror substrate 100 made from silicon is charged in plus. Consequently, 
a big Coulomb force will act among both planes of composition, a chemical bond will arise in an interface, and 
electrostatic junction will be performed. Thereby, the mirror substrate 100 made from silicon and the glass electrode 
substrate 200 are firmly joinable. 

[0109] The both ends and frame 106 of a torsion bar spring 104 of the mirror substrate 100 made from silicon are 
joined to the starting section 204 of the glass electrode substrate 200 by this anode plate junction, and the pars 
intermedia of the torsion bar spring 104 of the mirror substrate 100 made from silicon is joined to the support section 
210 of the glass electrode substrate 200. 

[0110] Thus, both can be certainly joined like [ at the time of using adhesives ] by carrying out anode plate junction of 
the mirror substrate 100 made from silicon, and the glass electrode substrate 200, without requiring the thickness of a 
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glue line. And since there is no Lycium chinense in which the thickness of a glue line differs unlike the case where 
adhesives are used, crevice depth H shown in drawin g 3 (B) can be set up almost uniformly by lot-to-lot. Although this 
crevice depth H determines the deflection angle theta of the minute mirror 102, it becomes possible to set up this 
deflection angle theta uniformly by lot-to-lot by anode plate junction. 

[0111] If the cover glass substrate 300 is constituted from a glass electrode substrate 200 and a glass substrate which 
contains Na similarly, anode plate junction of this cover glass substrate 300 can be similarly carried out to the frame 
106 of the mirror substrate 100 made from silicon. However, since the junction to the mirror substrate 100 made from 
silicon and the cover glass substrate 300 does not require precision, it can also adopt other junction methods, for 
example, the junction method using adhesives. 

[0112] (IV) Closure, dicing, and wiring process (1) closure process electrode output port 206 are closed with a sealing 
agent, and are sealed. If it carries out like this, it can prevent that a foreign matter, water, etc. invade at the (2) 
following dicing processes between the mirror substrate 100 made from silicon, and the glass electrode substrate 200. 
Consequently, it can prevent that the minute mirror 102 and the circuit pattern section 212 short-circuit, and the yield 
of processing can be raised. Moreover, after the (2) following dicing processes, on two sides of an optical modulator 
330, since the detailed gap 240 for board thickness of a torsion bar spring 104 is generated as shown in drawing^ (B), 
this detailed gap 240 can be closed similarly. 

[01 13] (2) As shown in the dicing pr oce ss drawing 7 (A), it can form on one wafer 320 which constitutes the silicon 
substrate 1 10 which shows two or more optical modulators 330 obtained as mentioned above simultaneously to 
drawing 4 (A). For this reason, after completion of an optical modulator 330, the dicing of the wafer 320 was carried 
out and it has separated into each optical modulator 330. It functions as an electrode which the ends of the torsion bar 
spring 104 connected with the frame 106 were separated, was separated in the direction of Y of drawin g! , and 
became independent one [ at a time ] according to this dicing process. The optical modulator 330 separated by dicing is 
as being shown in dr aw ing 7 (B). 

[01 14] (3) Wire by fixing the separated optical modulator 330 on the substrate which is not illustrated after that 
[ wiring process ]. As shown in drawing 7 (B), a wiring process is carried out by connecting the circuit pattern section 
212 on the electrode extraction board 308, and the edge of the torsion bar spring 104 exposed to the side to the drive 
circuit which is not illustrated. In this way, light modulation equipment is completed. 

[01 15] (The 2nd example) Next, the light modulation equipment in which high density assembly is possible is 
explained with reference to dra win g 8 - dra wing 10 . 

[01 16] the whole high-density light modulation equipment **** - as shown in drawing 8 and drawing 9 , the light 
modulation equipment concerning this 2nd example is divided roughly, and has the mirror substrate 400 made from 
silicon, the glass electrode substrate 500, and the cover glass substrate 600 Anode plate junction is carried out by the 
mirror substrate 400 made from silicon, and the glass electrode substrate 500 like the 1 st example. Since, as for the 
physical relationship of the mirror substrate 400 made from silicon, and the cover glass substrate 600, there is no 
influence in the deflection angle of a minute mirror, it may join both the substrates 400,600 like the 1st example using 
adhesives other than anode plate junction. 

[01 17] This mirror substrate 400 made from silicon has the torsion bar spring 404 which connects the minute mirror 
402 arranged in the shape of a matrix in the direction of X and the direction of Y of drawing 8 , and the minute mirror 
402 arranged in the direction of X, and the frame 406 which connects the edge of this torsion bar spring 404. The slit 
408 is formed in the circumference of the connection section by which a torsion bar spring 404 is connected with the 
minute mirror 402. Moreover, the other end 404b is connected with the frame 406 through the electrode 410 for 
mirrors of latus area to end 404a of a torsion bar spring 404 being directly connected with the frame 406. 
[01 18] Notching formation of the address electrode output port 412 is carried out at one side of a frame 406. And the 
partition section 414 which divides the field where many minute mirrors 402 were arranged, and address electrode 
output port 412 is formed. 

[01 19] Two or more these mirror substrates 400 made from silicon are simultaneously formed on a silicon substrate, 
and are separated with other mirror substrates made from silicon along the position of four places of A-D shown in 
drawing 8 in the case of a dicing process. 

[0120] The glass electrode substrate 500 shown in d raw i n g 8 has the crevice 502 formed in the central field, and the 
starting section 504 started and formed in the circumference. The middle rib 506 is formed in the position which 
counters this crevice 502 with the partition section 414 of the mirror substrate 400 made from silicon. Furthermore, it 
has the support section 508 in the torsion bar spring 404 located between two minute mirrors 402,402 which adjoin a 
crevice 502 in the direction of X of drawin g 8 , and the position which counters. Two or more circuit pattern sections 
510 are formed in the crevice 502 of the glass electrode substrate 500 along the direction of Y of drawing.8 on both 
sides of the middle rib 506. This circuit pattern section 510 has two fields of the minute mirror 412, and the 1st and 2nd 
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address electrode 512,514 which counters bordering on a torsion bar spring 404. Common connection of two or more 
1st address electrodes 512 arranged along the direction of Y of drawing! is made at the 1st common wiring 516. 
Similarly, common connection of two or more 2nd address electrodes 514 arranged along the direction of Y of drawing 
8 is made, and they are in the 2nd common wiring 518. And extension formation of the edges 516a and 518a of the 1st 
and 2nd common wiring 516,518 is carried out to the position beyond the middle rib 506. 
[0121] In addition, dicing is carried out, in case two or more these glass electrode substrates 500 are also 
simultaneously formed on one glass substrate and are divided into one optical modulator after that. 
[0122] When anode plate junction of this glass electrode substrate 500 is carried out with the mirror substrate 400 
made from silicon, each edges 516a and 518a of the 1st and 2nd common wiring 516,518 are exposed to the mirror 
substrate 400 made from silicon through the address electrode output port 412 by which opening formation was earned 
out. In addition, when anode plate junction of the mirror substrate 400 made from silicon and the glass electrode 
substrate 500 is carried out, anode plate junction of the both ends 404a and 404b of the torsion bar spring 404 of the 
mirror substrate 400 made from silicon and a frame 406, and the starting section 504 of the glass electrode substrate 
500 is carried out like the 1st example. Moreover, anode plate junction of the pars intermedia of the torsion bar spring 
404 of the mirror substrate 400 made from silicon is carried out at the support section 508 of the glass electrode 
substrate 500. In this 2nd example, anode plate junction of the partition section 414 of the mirror substrate 400 made 
from silicon is further carried out with the middle rib 506 of the glass electrode substrate 500. 
[0123] The cover glass substrate 600 shown in drawing 8 has a crevice 602 in the arrangement field of the minute 
mirror 402 formed in the mirror substrate 400 made from silicon, and the position which counters. [ many ] It rises in 
the periphery of this crevice 602, and the section 604 is formed. One cover glass substrate 600 which two or more 
cover glass substrates 600 are formed from one glass substrate, and is shown in drawingj by the dicing of a glass 
substrate is constituted on a manufacture process. And one-side 604a of the starting section 604 is arranged in the 
position which carries out a polymerization to end 404a of the torsion bar spring 404 by which dicing was carried out. 
Other one-side 604b parallel to the aforementioned one-side 604a of the starting section 604 is arranged in the position 
which carries out a polymerization to other end 404b of the torsion bar spring 404 by which dicing was earned out. 
Consequently, the electrode 410 for mirrors of the mirror substrate 400 made from silicon will be exposed outside. 
Two sides are arranged 604c and 604d in the position of the others which intersect [ aforementioned / of the starting 
section 604 ] perpendicularly each with 604a and 604b one side which divides with the frame 406 of the mirror 
substrate 400 made from silicon, respectively, and carries out a polymerization to the section 414. 
[0124] Consequently, as shown in drawing 9 , the address electrode output port 412 by which opening formation is 
carried out at the minor substrate 400 made from silicon is outside exposed, and wiring to the 1st formed on the glass 
electrode substrate 500 and 2nd common wiring 516,518 is attained. In addition, closure sealing of the address 
electrode output port 412 is carried out with a sealing agent after this wiring. Moreover, in the field in which end 404a 
and other end 404b of a torsion bar spring 404 do not exist, if an above-mentioned dicing process is earned out, as 
shown in drawin g 9 , the gap 51 1 only for thickness of a torsion bar spring 404 will be generated between the starting 
section 504 of the glass electrode substrate 500, and the starting section 604 of the cover glass substrate 600. Closure 
sealing also of this gap 5 1 1 is carried out with a sealing agent like the above. 

[0125] The manufacture process of the light modulation equipment applied to the 2nd example with reference to 
drawing 10 about the manufacture process of light modulation equipment next is explained. In addition, the 
manufacture process of the glass electrode substrate 500 can apply the same process substantially with the process 
shown in drawing 5 . The cover glass substrate 600 should just apply the process of drawing J> (B) - (D), in order to 
cany out etching formation of the crevice 602. 

[0126] Below, a point peculiar to the manufacture process of the light modulation equipment of this 2nd example is 

explained. , „™ • , r- 

[0127] (1) The boron dope layer 422 is formed in the whole surface of a silicon substrate 420 in the formation process 
drawing 10 of the boron dope layer 422 (A). Formation of this boron dope layer 422 is performed like the 1st example. 
[0128] (2) A point characteristic in the manufacture process of the light modulation equipment applied to this 2nd 
example as anode plate ****** of a substrate 400,500 is a point which is carrying out anode plate junction of the 
silicon substrate 420 in which the boron dope layer 422 was formed with the glass electrode substrate 500, as shown in 

drawing 10 (B). . 
[0129] Anode plate junction of both this substrate 400,500 is carried out like the 1st example using the equipment 
shown in drawing 6 . That is, the glass electrode substrate 500 laid on the hot plate 310 is heated to the range of 250- 
450 degrees C, for example, 350 degrees C. DC power supply 312 are simultaneously connected to both the substrates 
400 500 minus voltage is impressed to the glass electrode substrate 500, and plus voltage is impressed to the mirror 
substrate 400 made from silicon, respectively. If it carries out like this, Na in the glass electrode substrate 500 (plus) 
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moves, the connection connecting face of the glass electrode substrate 500 is charged in minus, the plane of 
composition of the mirror substrate 400 made from silicon is charged in plus, among both planes of composition, a big 
Coulomb force will act and electrostatic junction will be carried out. 

[0130] The reason the light modulation equipment concerning this 2nd example fits high density assembly is that it is 
not necessary to perform strict alignment of the minute mirror and the circuit pattern section which were already 
formed like the 1 st example in case anode plate junction of both the substrates 400,500 is carried out. This strict 
alignment is needed in the case of patterning of reflecting layer 402a shown in drawing_l_0 (E). 
[0131] (3) As shown in the wet etching process, next drawing 10 (C) of a silicon substrate 420, etch completely the 
silicon substrate 420 formed on the boron dope layer 422. For example, the wet etching at this time is the same as the 
1st example, using the KOH solution of 10 - 40% of the weight of concentration, it ********** s and the etching 
reaction formula shown in the 1st example, therefore silicon are removed. An etching end point detector can observe 
the hydrogen foam produced by the reaction of a silicon substrate 420, and can make the time of a hydrogen foam 
being lost a terminal point. Or this boron dope layer 422 can be operated as an etching stop layer by making high 
impurity concentration of the boron dope layer 422 into three or more 1x1018 atm/cm. 

[0132] In addition, not only KOH solution but TMAH solution, EPD solution, or hydrazine solution etc. can also be 
used for the solution used for wet etching. 

[0133] (4) As shown in the vacuum evaporationo process, next drawing 10 (D) of reflecting layer 402a, form reflecting 
layer 402a in all the front faces of the boron dope layer 422. As this reflecting layer 402a, aluminum (aluminum) is 
formed by carrying out vacuum evaporationo, for example. Thickness of this reflecting layer 402a can be set to 0.2-2 
micrometers like the 1 st example. 

[0134] (5) As shown in the patterning process, next drawing 10 (E) of reflecting layer 402a, carry out a series of phot 
lithography processes, and form the resist pattern section 424 on reflecting layer 402a. This resist pattern section 424 
****s with the configuration of the minute mirror 402 formed in the mirror substrate 400 made from silicon shown in 
drawing 8 , a torsion bar spring 404, a frame 406, a slit 408, the electrode 410 for mirrors, address electrode output port 
412, and the partition section 414. 

[0135] When reflecting layer 402a is formed with aluminum (aluminum), the mixed liquor of phosphoric acid, an 
acetic acid, and a nitric acid can be heated at 30 degrees C, it can dip for about 3 minutes, and wet etching can be 
performed. Thereby, as shown in drawing 10 (E), patterning of reflecting layer 402a can be performed. 
[0136] If double-sided alignment equipment is used at this time, patterning can be performed in the precision of 0.5 
micrometers. That is, the position of the circuit pattern section 510 is recognized through a microscope, and it observes 
from the lower part of drawing 10 (E), i.e., the lower part side of the glass electrode substrate 500, under a microscope 
also from the upper part side of the mirror substrate 400 made from silicon simultaneously. And the exposure process 
for forming the resist pattern section 424 on the basis of the recognition position of the circuit pattern section 510 
formed in the glass electrode substrate 500 can be carried out. The resist pattern 424 of the minute mirror 402 etc. and 
me **** mg configuration can be formed in the 1st of the circuit pattern section 510, and 2nd address electrode 
512,514, and the position which counters by this, and even if packaging density increases by this, it becomes possible 
to perform accurate patterning. 

[0137] Moreover, it will become very difficult to remove this supposing the foreign matter should be mixed in the 
space across which it faced before two-poles junction of both the substrates 400,500. When this foreign matter adhered 
with the circuit pattern section 510 of the glass electrode substrate 500 and the inclination drive of the minute mirror 
402 is carried out, among both, short-circuit will arise, it will become poor and the yield will fall. 
[0138] Then, in this 2nd example, it is inspecting whether before anode plate junction of both the substrates 400,500, 
light is irradiated from the transparent glass electrode substrate 500 side, and mixing of a foreign matter is. In this case, 
as for the circuit pattern section 510 formed in the glass electrode substrate 500, it is desirable to replace with metals, 
such as aluminum and Ag, and to carry out to a transparent electrode, for example, ITO. If it carries out like this, it will 
become detectable [ the foreign matter which has adhered on the surface of ITO ] . 

[0139] (6) In order to ********** the dry etching process boron dope layer 422 of the boron dope layer 422, dry 
etching is suitable from wet etching. The reason is that there is no it at dry etching although it is a series of processes of 
etching of the boron dope layer 422, rinsing, and dryness, and a foreign matter may adhere from the exterior or a 
dryness stain may occur in wet etching. 

[0140] In order to carry out dry etching of the boron dope layer 422, the resist pattern section 424 is made into etching- 
proof mask material. This dry etching can be carried out on the same conditions as the process of diawing 4 (F) of the 
1st example. 

[0141] (7) Like ****** of the resist pattern section 424, in a dry process, ashing of this resist pattern section 424 can 
be carried out, and for example, UV ashing device can remove it. 
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[0142] (8) As for this cover glass substrate 600, like the 1st example, since high junction of precision is unnecessary, 
****** 0 f a cover gi ass su bstrate and the mirror substrate made from silicon can be replaced with anode plate junction, 
and can also perform junction by adhesives. 

[0143] (9) In order to prevent penetration of the water at the time of closure process dicing, or a foreign matter, close 
the electrode drawing opening 412 shown in drawing 9 with a sealing agent. The detailed gap 51 1 shown in dxawing_9 
produced after dicing is closed similarly behind. 

[0144] (10) Each process which carried out dicing process **** is performed in the state of the silicon substrate which 
can carry two or more sets of substrates 400,500 and 600 for constituting two or more optical modulators, or a glass 
substrate. And after the junction process of the cover glass substrate 600 is completed, the dicing for separating into 
each optical modulator is performed. In the case of this dicing, the dicing of the substrates 400,500 and 600 will be 
carried out along the position of position A-D shown in drawin g 8 , respectively. Thereby, two or more torsion bar 
springs 404 connected mutually are separated during assembly, respectively. 

[0145] (1 1) Wire by connecting the edges 512a and 514a of the mirror electrode 410 of an optical modulator, and the 
address electrodes 512 and 514 divided into the wiring process last to the drive circuit which is not illustrated. Thereby, 
light modulation equipment is completed. 

[0146] In addition, although the above-mentioned 1st and the 2nd example showed the example which carried out 
anode plate junction of the mirror substrate made from silicon, and the glass electrode substrate, it can replace with this 
and other junction methods can also be adopted. Direct junction and eutectic bonding can be mentioned as other 
examples. 

[0147] Both direct junction can be used when a mirror substrate and an electrode substrate are made into a silicon 
substrate. After washing a silicon substrate well and making good wettability of the plane of composition of a silicon 
substrate, alignment and eye tacking are performed under a room temperature using an infrared microscope. Then, 
silicon substrates are directly joinable by heat-treating the silicon substrate by which it was tacking carried out in 
nitrogen-gas-atmosphere mind at 1 100 degrees C as 800-1200 degrees C and an optimum temperature for 1 to 4 hours. 
Here, when the wettability of a silicon substrate is good, the silicon surface element is combination of Si-O-H. By heat- 
treating this, dehydration arises, it becomes the covalent bond of Si-O-Si, and silicon substrates are joined. 
[0148] Eutectic bonding can be used when the plane of composition of an electrode substrate is used as aluminum 
(aluminum) or gold (Au). It is comparatively easy to alloy these metals at low temperature with 300-350 degrees C. 
For example, if Au film is formed in a spatter on an electrode substrate, the mirror substrate made from silicon is 
contacted on the Au film front face and it heat-treats at 300-400 degrees C for 1 to 2 hours, Au of a junction interface 
will be spread in Si, a junction interface will be lost, and it will be joined. 

[0149] Thus, as the quality of the material of an electrode substrate, many things can be chosen according to the 
conjugation method adopted. However, when junction is performed under heating, it is desirable that silicon and a 
coefficient of thermal expansion are near. 

[0150] (The 3rd example) The 3rd example shown below shows the composition which can prevent certainly the short- 
circuit between the minute mirror 402 and the address electrode 512,514 of the 1st and 2. The insulator layer 416 is 
formed in the near field where the minute mirror 402 counters with the 1st and 2nd address electrode 512,514 as shown 
in drawing 1 1 (A). If it carries out like this, though a foreign matter 10 should exist between the minute mirror 402 and 
the 1st and 2nd address electrode 512,514, the short-circuit between the minute mirror 402 and the 1st and 2nd address 
electrode 512,514 can be prevented by the insulator layer 416. 

[0151] If an insulator layer 416 is formed in the rear-face side of the minute mirror 402, as shown in drawing!! (B), 
the 1st and 2nd address electrode 512,514 can also be made to serve a double purpose as a stopper which determines 
the angle of inclination at the time of tilting of the minute mirror 402. If there is this kind of insulator layer in the case 
of the light modulation equipment shown for example, in the 1st example, it is realizable by skipping the exfoliation 
process of the thermal oxidation film shown in d rawin g 4 (G). That is, the thermal oxidation film 1 14 formed by 
drawing .4 (C) can be made to serve a double purpose as an insulator layer. 

[0152] In order to prevent the short-circuit between the minute mirror 402 and the 1st and 2nd address electrode 
512,514, you may form an insulation in the front face of the 1st and 2nd address electrode 512,514 with membrane 
formation equipments, such as a sputtering system. 

[0153] When an insulator layer 416 is formed in the rear face of the minute mirror 402, it is good to form the front face 
of the 1st and 2nd address electrode 512 and 514 in a split face. If it carries out like this, the touch area of electrodes 
5 1 2 and 5 1 4 in contact with the minute mirror 402 can be lessened. If it does not form in a split face, electrification of 
a hot carrier will set to the insulator layer 416 formed in the minute mirror 402, and the ball up of the minute mirror 
402 to electrodes 512 and 514 will arise in it. These evils can be prevented only by making the front face of electrodes 
512 and 514 into a split face. In addition, this split face can realize the heights which have the height more than a 200 
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ONGU stroke preferably by forming in an electrode front face. 

[0154] In order to make the front face of the 1st and 2nd address electrode 512 and 514 into a split face, it is good to 
change the conditions at the time of membrane formation by the spatter, and to form membranes using a spatter 
particle with a big particle size. Or if electrodes 512 and 514 are formed by the vacuum deposition, the front face will 
turn into a split face. 

[0155] Or in the etching process for formation of the crevice 202 grade shown in drawing 5 (C), the ITO film surface 
formed on it can be made into a split face by changing etching conditions and making an etching side into a split face. 
[0156] In order to lessen the touch area of the insulator layer 416 formed in the minute mirror 402, and electrodes 512 
and 514, as shown in drawing 12 , it is the ends side of the minute mirror 402, and micro pyramid 416a which made a 
part of insulator layer 416 project below can also be formed. What is necessary is just to carry out the process of 
drawing 13 (A) - (C), in order to form this micro pyramid 416a. First, as shown in this drawing (A), the 1st flat oxide 
film 430 is formed on an insulator layer 416. It is on this 1st oxide film 430 after that, and the 2nd oxide film 432 is 
locally formed in the position of the both ends of the minute mirror 402. 

[0157] Next, this 1st [ the ] and the 2nd oxide film 430,432 are ********** e d. If the etch rate was uniform on the 
whole surface as shown in drawing 13 (B), when carried out like this, after the 1st oxide film 430 of a central field is 
removed completely, the 1st oxide film 430 of the periphery field remains. If etching is advanced succeedingly after 
that, only the front face of the insulator layer 416 of a central field will **********, and the insulator layer 416 of the 
edge will not **********, 

[0158] And as shown in drawin g 13 (C), micro pyramid 416a formed in the ends of the minute mirror 402 by the 
insulator layer 4 1 6 can be formed by removing the oxide film which remains at the edge. 

[0159] In order to prevent electrification of the insulator layer 416 formed in the rear face of the minute mirror 402 by 
the 1st and 2nd address electrode 512,514, as shown in drawing 14 , it is possible to form the insulating stopper 530 
which projects from the crevice 502 of the glass electrode substrate 500. If it carries out like this, even if it is at the 
inclination drive time of the minute mirror 402, the ball up of the minute mirror 402 accompanying electrification can 
be prevented by the ability taking a large distance with the insulator layer 416 by the side of the rear face, the 1st, and 
2nd address electrode 512,514. 

[0160] (The 4th example) Next, the example which constitutes a projector is explained with reference to drawing J5 - 
drawing 17 using the light modulation equipment of the 1 st example or the 2nd example. 

[0161] Dr awin g 15 shows the example which constituted the projector using one step of light modulation equipment 
700. The white light by which outgoing radiation was carried out is condensed by the rotating type light filter 706 
through a condensing lens 704 from the projection lamp 702 as shown in this drawing. This rotating type light filter 
706 has the color filter of three colors of R, G, and B. By rotation arrangement of each color filter being carried out to 
the condensing position of a condensing lens 704, the light of the wavelength of a different color one by one passes a 
filter. 

[0162] Incidence of the light which penetrated the filter of "R" of the rotating type light filter 706, "G", and "B" one by 
one will be carried out to light modulation equipment 700 via a condensing lens 708, the reflective mirror 710, and the 
half prism 712. In this light modulation equipment 700, an incident light is reflected by each minute mirror arranged in 
the shape of a matrix by performing the scan which carries out the inclination drive of the minute mirror one by one 
from the edge of the direction of X (horizontal) according to the driving method mentioned above based on the video 
signal from the outside, and scanning sequentially in the direction (perpendicular direction) of Y. The reflected light 
modulated by this in each pixel of the shape of a matrix by which the minute mirror has been arranged according to 
gradation can be obtained. 

[0163] Incidence of this reflected light will be carried out to the projection lens 714 as an parallel light through the half 
prism 712, and expansion projection will be carried out on a screen 716 through this projection lens 714. 
[0164] Here, compared with the conventional liquid crystal panel with an optical low utilization factor, efficiency for 
light utilization has 3 or more-time light modulation equipment 700 of this example by having a polarizing plate, and it 
becomes possible [ displaying a picture with luminosity sufficient on a screen 716 ]. 

[0165] and the speed of response of a minute mirror is markedly boiled compared with 20microsec and 3 0msec(s) of 
the conventional liquid crystal, is quick and can prevent also with after a picture Furthermore, since efficiency for light 
utilization was low in the place using the conventional liquid crystal panel and the liquid crystal panel of three sheets 
was needed for it corresponding to "R", "G", and "B", the alignment adjustment by each shaft orientations was very 
complicated. 

[0166] On the other hand, if the light modulation equipment 700 of this example is used, as shown in drawing 15 , one 
step will be accepted, it will come out, sufficient luminosity can be obtained, and alignment adjustment will also 
become very easy. 
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[0167] in addition, this light modulation equipment 700 is shown in drawing 16 and drawin g 17 - as - two steps -- or 
three steps can also be prepared the spectrum which in the case of drawin g 16 the rotating type light filter 707 has the 
filter of "G" and "B", and carries out a spectrum to the preceding paragraph of two light modulation equipments 700 to 
a two- wave field - prism 717 is arranged the spectrum which a rotating type light filter is not used in the case of 
drawing 17 , but carries out a spectrum to the preceding paragraph of three light modulation equipments 700 to a three- 
wave field on the other hand prism 71 8 is formed In this way, light modulation equipment 700 is used also 
[ wavelength / of any 2 colors ], or it becomes independent for every wavelength, and it is also possible two steps or to 
arrange three steps. If it carries out like this, it will become possible to project a brighter clear picture on a screen 716. 
[0168] (The 5th example) Drawing 18 shows the example which applied the light modulation equipment 720 of this 
example to electrophotography equipment, for example, a LASER beam printer. In this example, light modulation 
equipment 720 uses as substitution of the conventional polygon mirror, and it is ******** j n t hi s drawing, two or 
more minute mirrors 722 of light modulation equipment 720 are arranged along the direction parallel to the laser beam 
by which outgoing radiation is carried out from a laser light source 724. 

[0169] In drawing 18 , the state where ON drive of the minute mirror 722 located in a right-hand side edge was carried 
out is shown, and the photoconductor drum 730 is arranged at the travelling-direction preceding paragraph of the 
reflected light reflected at the time of ON drive of this minute mirror 722. At this time, other minute mirrors are OFF 
drives and do not interrupt a laser beam. 

[0170] A photoconductor drum 730 can be clockwise rotated, as shown in drawin g 19 . Around this photoconductor 
drum 730, the exposure lamp 732, a developer 734, imprint equipment 736, cleaning equipment 738, and the electric 
discharger 740 are arranged, respectively. If each minute mirror 722 of the light modulation equipment 720 shown in 
drawin g 18 is scanned in order on left-hand side from the right-hand side of drawing, the surface potential of the 
photoconductor drum 730 beforehand charged in fixed potential with the exposure lamp 732 will change potential 
based on the reflected light modulated by the minute mirror 722, and a latent image will be formed. A latent image 
adheres to a toner by the developer 734, negatives are developed by rotation of a photoconductor drum 730, and the 
toner is imprinted by imprint equipment 736 at a record-medium 744 side. After fixing is performed by the fixing roller 
742 formed in the latter part, paper is delivered to this record medium 744. Moreover, after an imprint is completed, 
the toner which remains on a photoconductor drum 730 is recovered by cleaning equipment 738, is discharged with the 
electric discharge lamp 740, and returns to an initial state. 

[0171] Thus, according to this example, light modulation equipment 720 can be used as substitution of the 
conventional polygon mirror, and moreover, since [ in which high density assembly is possible ] light modulation 
equipment 720 has the quick speed of response, it can record the picture of high resolution on a record medium 744. 
[0172] (The 6th example) This 6th example shows the example in which optical switching is possible and which was 
applied, for example to the optical card for the light modulation equipment of this example, as shown in drawing 20 , 
arbitrary induced voltage is produced and carried out on an insulating substrate 750 - having -- ****-- it is prepared, 
the plurality 752-1 to 752-12, for example, 12 induction coils, which can do things 

[0173] In the edge on this insulating substrate 750, the light modulation equipment 760 of this example is arranged. 
And each induction coil 752-1 to 752-12 is connected to six minute mirrors prepared in light modulation equipment 
760, and the 1st and 2nd address electrode which counters, respectively through the circuit pattern 754. 
[0174] If this optical card is inserted in the device which can detect the optical switching signal from this optical card, 
respectively corresponding to 12 induction coils 752-1 to 752-12 formed in the insulating substrate 750, 12 induction 
coils by the side of a device will be arranged. Induced voltage arises by energizing to this with each induction coil 752- 
1 to 752-12. Based on this induced voltage, the inclination drive of the six minute mirrors in light modulation 
equipment 760 can be carried out, and the optical switching signal modulated by the reflected light can be acquired. 
[0175] Here, since this light modulation equipment 760 can be formed very small, it can be enough held in a portable 
card. And since this optical card is unrelated to the influence of magnetic, it can prevent the data in a card being read 
and being used for a crime. 

[0176] (The 7th example) This 7th example is used in order to build the light modulation equipment 780 concerning 
this invention into an aligner and to write information peculiar to the wafer of a lot number and others in the front face 
of the semiconductor wafer 770 exposed. 

[0177] It counters with the wafer installation base 772 in which a wafer 770 is laid, and the light source 774 for 
exposure is formed in the information. Between this light source 774 and the wafer installation base 772, the reticle 
776 which carries out reduction projection of the light by which outgoing radiation was carried out from the light 
source 774 on a wafer 770 as a predetermined mask pattern image is formed. When a part of light from the light source 
774 has been arranged in the position by which incidence is carried out and ON drive of the minute mirror is carried 
out, the reflected light carries out incidence of the light modulation equipment 780 built in this aligner to the position 
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of a wafer 770. 

[0178] Here, the wavelength of the light source 774 of an aligner is short wavelength according to g line, i line, an 
excimer laser, and the densification of an element. If it is going to modulate the light of such short wavelength in the 
optical switching element using liquid crystal, the enclosed liquid crystal will deteriorate immediately. 
[0179] Since the light modulation equipment 780 of this invention only reflects this short wavelength by the minute 
mirror, it has sufficient endurance. 

[0180] If the light modulation equipment 780 of this invention is used, the light for exposure of the short wavelength 
from the light source 774 is made to serve a double purpose, and it will become unnecessary thus, to be able to record 
ID information etc. and to prepare the light source separately on a wafer 770. 

[0181] The light modulation equipment concerning this invention can apply what [ not only ] is applied to various 
above-mentioned devices but light to the thing which carries out a gradation modulation, or various kinds of devices 
which only carry out an ON/OFF modulation. For example, it is possible to apply to the signboard for an advertisement 
which constitutes so that direct viewing of the light reflected by the minute mirror of light modulation equipment can 
be carried out, and displays the characters, such as a picture and a character, or a clock display. 
[0182] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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